+ZooKeys

ZooKeys 1211: 1-15 (2024)
DOI: 10.3897/zookeys.1211.126487

Research Article

Four new species of the genus Yunguirius (Araneae, Agelenidae)

from China

Mian Wei'?®, Jie Liu'?*? Kai Wang'?

1 Hubeiate Key Laboratory of Regional Development and Environmental Response, Faculty of Re-sources and Environmental Science, Hubei University, Wuhan

430062, China

2 The State Key Laboratory of Biocatalysis and Enzyme Engineering of China, School of Life Sciences, Hubei University, Wuhan 430062, Hubei, China
3 School of Nuclear Technology and Chemistry and Biology, Hubei University of Science and Technology, Xianning 437100, Hubei, China
Corresponding author: Kai Wang (Kai_wang@hubu.edu.cn)

OPEN aACC ESS

Academic editor: Dragomir Dimitrov
Received: 29 April 2024

Accepted: 13 July 2024

Published: 2 September 2024

ZooBank: https://zoobank.
org/16DBAD49-A3D7-40F4-ATAT-
FB221AB0O08BD

Citation: Wei M, Liu J, Wang

K (2024) Four new species of

the genus Yunguirius (Araneae,
Agelenidae) from China. ZooKeys
1211:1-15. https://doi.org/10.3897/
zookeys.1211.126487

Copyright: © Mian Wej et al.

This is an open access article distributed under
terms of the Creative Commons Attribution
License (Attribution 4.0 International - CC BY 4.0).

Abstract

Four new species of Yunguirius B. Li, Zhao & S.Q. Li, 2023 are described from China,
namely: Yunguirius parvus Wei & Liu, sp. nov. (?), Yunguirius trigonus Wei & Liu, sp. nov.
(Q), Yunguirius wanggqigiae Wei & Liu, sp. nov. (?), and Yunguirius xiannushanensis Wei
& Liu, sp. nov. (?).

Key words: Biodiversity, coelotine spiders, description, morphology, taxonomy

Introduction

Coelotinae F.0. Pickard-Cambridge, 1893, the most diverse subfamily of Agel-
enidae C.L. Koch, 1837, is endemic to the Northern Hemisphere. To date, 806
species across 40 genera have been described (WSC 2024). In recent years,
there has been frequent reporting of new taxa as well as taxonomic revisions of
previously described species, particularly those in the genera Coelotes Black-
wall, 1841 and Draconarius Ovtchinnikov, 1999 (Chen et al. 2016; Chen 2017; Li
et al. 2018a, 2018b, 2019, 2023; Okumura 2020; Okumura et al. 2021; Okumura
and Zhao 2022; Hoang et al. 2023; Luo et al. 2023). The genus Yunguirius, was
recently described by Li et al. (2023) based on Draconarius ornatus (Wang, Yin,
Peng & Xie, 1990) and includes two newly described species along with two
others transferred from Draconarius: Y. duoge B. Li, Zhao & S.Q. Li, 2023, Y. sub-
terebratus (Zhang, Zhu & Wang, 2017), Y. terebratus (Peng & Wang, 1997) and
Y. xiangding B. Li, Zhao & S.Q. Li, 2023. According to previous studies, all five
described Yunguirius species predominantly occur along the northern edge of
the Yunnan-Guizhou Plateau.

While examining our specimens, four undescribed species of Yunguirius col-
lected from the northern edge of the Yunnan-Guizhou Plateau were discovered.
We report these new species in the current paper, the descriptions, detailed
colour illustrations, and distributional maps of new species are provided.
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Materials and methods

All specimens were preserved in 75% ethanol and examined with an Olympus
SZX7 stereomicroscope. Male palps and female genitalia were dissected from
the spider bodies to be examined and photographed. Epigynes were cleared with
Proteinase K to study their inner structures. Photographs were taken with a Can-
on EOS 90D wide zoom digital camera (8.5 megapixels) mounted on an Olympus
BX 43 compound microscope. The images were montaged using Helicon Focus
7.0.2 image stacking software. Left palps are illustrated. Leg measurements are
given as total length (coxa, trochanter, femur, patella, tibia, metatarsus, tarsus).
Only the structures on the left (e.g., pedipalpus, legs) were measured. All speci-
mens have been deposited at the Centre for Behavioural Ecology and Evolution,
College of Life Sciences, Hubei University, Wuhan, China (CBEE).
Abbreviations used. Morphological characters:

ALE anterior lateral eye;

AME anterior median eye;

AME-ALE distance between AME and ALE;
AME-AME  distance between AME and AME;
ALE-PLE distance between ALE and PLE;
AME-PME distance between AME and PME;
PLE posterior lateral eye;

PME posterior median eye;

PME-PLE distance between PME and PLE;
PME-PME distance between PME and PME;

Taxonomy

Family Agelenidae C.L. Koch, 1837
Subfamily Coelotinae F.O. Pickard-Cambridge, 1893
Genus Yunguirius B. Li, Zhao & S.Q. Li, 2023

Yunguirius parvus Wei & Liu, sp. nov.
https://zoobank.org/E2FDC5CF-C53D-47F2-9DA3-83F9C6AD20A1
Figs 2,3, 10

Type material. Holotype ¢ (HBU-WM-24-001), 19 paratype (HBU-WM-24-002):
CHINA: Yunnan Province, Honghe Hani and Yi Autonomous, Gejiu County, Ge-
jia Forest Park, 23.3893°N, 103.1254°E, elevation: 2045 m, 23.VI11.2020, M.
Wei leg.

Etymology. The specific epithet is taken from the Latin word parvus, meaning
“small”, referring to the relatively small body type of new species; an adjective.

Diagnosis. The females of Yunguirius parvus sp. nov. resemble those of
Y. duoge in 1) the atrium is subrounded with a complete anterior margin (Fig.
2A; fig. 2A in Li et al. 2023); 2) the openings of the copulatory ducts are wide,
approximately half the circumference of the atrium (Fig. 2B; fig. 2B in Li et al.
2023); 3) the blind sacs of the copulatory ducts are extremely short, symmet-
rical, and separate (Fig. 2B; fig. 2B in Li et al. 2023). In other Yunguirius spe-
cies, the atrium is non-subrounded (except in Y. terebratus) with an incomplete
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anterior margin (Figs 1A, 4A, 6A, 8A; fig. 245A in Zhu et al. 2017, figs 3A, 4A
in Li et al. 2023), the copulatory openings are equal to or less than the length
of the lateral margin of the atrium, and the blind sacs are asymmetrical and
overlapping (Figs 1B, 4B, 6B, 8B; fig. 245B in Zhu et al. 2017; figs 3B, 4B in Li et
al. 2023). However, Y. parvus sp. nov. can be differentiated from Y. duoge by 1)
the absence of the fold (Fig. 2A), versus being present in the latter (Fig. 2A in
Li et al. 2023); 2) the blind sac is shorter than the spermathecal stalk (Fig. 2B),
versus being longer in the latter (Fig. 2B in Li et al. 2023); 3) the spermathecal
stalk has a conch-shaped distal tip (Fig. 2B), versus being nearly round in the
latter (Fig. 2B in Li et al. 2023).

Description. Female (holotype) (Fig. 3). Carapace reddish brown. Cervical
and radial groove distinct. Cephalic region moderately raised and wide, lateral
margin with distinct furrows. Chelicerae with 3 promarginal teeth and 2 retro-
marginal teeth, condyle red. Sternum longer than wide. Abdomen pale yellow,
with 5 chevron-shaped patterns, covered by hairs. Legs red. Total length 10.41.
Carapace 5.85 long, 3.54 wide, cephalic region 3.12 wide. Abdomen 4.69 long,
3.10 wide. Eye size and interdistance: AME 0.19, ALE 0.23, PME 0.22, PLE 0.25;
AME-AME 0.09, AME-ALE 0.14, AME-PME 0.09, ALE-PLE 0.05, PME-PME
0.06, PME-PLE 0.32. Leg measurements: Leg | 14.02 (1.80, 0.70, 3.53, 1.63,
2.78,2.46,1.39),leg 11 12.40 (1.52,0.69, 3.04, 1.48,2.44,2.23,1.33),leg 111 10.35
(1.38,0.67,2.43,1.32,1.68,1.95,1.08), leg IV 14.42 (1.66, 0.61, 3.50, 1.59, 2.91,
2.84, 1.41). Epigyne (Fig. 2). Epigynal teeth absent. Atrium centrally situated,
subrounded, anterior margin complete. Epigynal sclerite small. Hoods weak,
vertically oriented, situated laterally. Fold absent. Copulatory ducts openings
broad, subequal to % the circumference of atrium, laterally originated, blind

Figure 1. Epigyne and vulva of Yunguirius terebratus A epigyne, ventral view B vulva, dorsal view. Abbreviations: A = atri-
um; BS = blind sac; CD = copulatory duct; CO = copulatory opening; F = fold; FD = fertilization duct; H = hood; MP = mating
plug; PES = posterior epigynal sclerite; SB = spermathecal base; SH = spermathecal head; SL = the secondary layer of
copulatory duct; SS = spermathecal stalk. The white dashed line in A represents the margin of atrium and in B represents
the spermathecal head. The black outline B shows the blind sac of the copulatory duct. The red dashed line and arrow in
B indicate the opening of copulatory duct. The blue area indicates the copulatory duct, and the yellow area indicates the
secondary layer of the copulatory duct. Scale bar: 0.50 mm.
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Figure 2. Epigyne of Yunguirius parvus sp. nov. A epigyne, ventral view B vulva, dorsal view. Abbreviations: A = atrium;
BS = blind sac; CD = copulatory duct; CO = copulatory opening; FD = fertilization duct; H = hood; PES = posterior epigynal
sclerite; SB = spermathecal base; SH = spermathecal head; SS = spermathecal stalk. The white dashed line B indicates
the spermathecal head, the white outline B indicates the fertilization duct. Scale bar: 0.50 mm.
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Figure 3. Characters of the female of Yunguirius parvus sp. nov. A habitus, dorsal view B habitus, prolateral view C eye
area, frontal view D eye area, dorsal view E cephalic rigion, lateral view. Scale bars: 2.00 mm (A, B); 0.50 mm (C, D);
0.25 mm (E).

sacs short, symmetric, and untouched. Spermathecal bases consisted of 2
spherical chambers, spermathecal stalks long, with distal tips conch-shaped,
spermathecal heads anteriorly originated, long and sclerotized. Fertilization
ducts posteriorly situated.

Male. Unknown.

Distribution. China (Yunnan).

Yunguirius trigonus Wei & Liu, sp. nov.
https://zoobank.org/8854F835-A7BA-448B-B3B2-B0921CB9E1A6
Figs 4,5,10

Type material. Holotype ¢ (HBU-WM-24-003): CHINA: Chongging City, Nan-
chuan District, Jinfo Mountain, 29.0489°N, 107.1279°E, elevation: 681 m,
30.1X.2021, T.X. Gu leg.

Etymology. The specific epithet is derived from the Greek word “trigon”,
meaning triangular and referring to the atrium and the posterior epigynal scler-
ite of the new species forming into a subtriangular pattern; an adjective.

Diagnosis. The females of Yunguirius trigonus sp. nov. resemble those of
Y. subterebratus and Y. wanggqigiae sp. nov. in having a trapezoidal atrium, with
the width longer than the length and the width at the widest point being three
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Figure 4. Epigyne of Yunguirius trigonus sp. nov. A epigyne, ventral view B vulva, dorsal view. Scale bars: 1.00 mm.
Abbreviations: A = atrium; BS = blind sac; CD = copulatory duct; CO = copulatory opening; FD = fertilization duct; H = hood;
PES = posterior epigynal sclerite; SB = spermathecal base; SH = spermathecal head; SS = spermathecal stalk. The white
dashed line B indicates the spermathecal head, the white outline B indicates the fertilization duct. Scale bar: 0.50 mm.
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Figure 5. Characters of the female of Yunguirius trigonus sp. nov. A habitus, dorsal view B habitus, prolateral view C eye area,
frontal view D eye area, dorsal view E cephalic rigion, lateral view. Scale bars: 2.00 mm (A, B); 0.50 mm (C, D); 0.25 mm (E).

times longer than the narrowest point (Figs 4A, 6A; fig. 245A in Zhu et al. 2017),
compared to being trapezoidal but with the width being shorter than the length,
and the width of the widest point approximately being twice that of the nar-
rowest point in Y. ornatus (Fig. 3A in Li et al. 2023), and being heart-shaped,
pentagonal or subrounded in other Yunguirius species (Figs 1A, 2A, 8A; figs 2A,
4A in Li et al. 2023). However, Y. trigonus sp. nov. can be distinguished from
the latter by the following characteristics: 1) the presence of a pair of long and
linear hoods (Fig. 4A), versus having a pair of triangular hoods in the latter (Fig.
6A; fig. 245A in Zhu et al. 2017); 2) the short and slightly overlapping blind sacs
of the copulatory ducts (Fig. 4B), versus being long and obviously overlapped
in the latter (Fig. 6B; fig. 245B in Zhu et al. 2017); 3) the spermathecal stalks
are relatively short and thick (Fig. 4B), versus being reduced in Y. subterebratus
(fig. 245B in Zhu et al. 2017) or being subequal to half the width of the atrium in
Y. wanggigiae Wei & Liu, sp. nov. (Fig. 6B).

Description. Female (holotype) (Fig. 5). Carapace reddish brown. Cervical
and radial groove distinct. Cephalic region wide, moderately raised and wide,
lateral margin with indistinct furrows. Chelicerae with 3 promarginal teeth and
2 retromarginal teeth, condyle red. Sternum longer than wide. Abdomen pale
yellow, covered by hairs. Legs red. Total length 12.31. Carapace 5.83 long, 3.99
wide, cephalic region 3.49 wide. Abdomen 6.48 long, 3.68 wide. Eye size and
interdistance: AME 0.18, ALE 0.27, PME 0.22, PLE 0.25; AME-AME 0.10, AME-
ALE0.17, AME-PME 0.16, ALE-PLE 0.10, PME-PME 0.11, PME-PLE 0.42. Leg
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measurements: Leg 1 16.00 (2.12, 0.81,3.97,1.71, 3.39, 2.86, 1.57), leg Il 14.71
(1.82,0.82,3.61,1.66,2.68,2.74,1.65), leg 1l 12.33 (1.55, 0.80, 2.99, 1.41, 1.94,
2.35,1.45), leg IV 16.90 (1.87, 0.93, 4.13, 1.82, 3.41, 3.33, 1.61). Epigyne (Fig.
4). Epigynal teeth absent. Atrium centrally situated, trapezoidal, anterior margin
incomplete, posterior margin short. Epigynal sclerite longer than wide. Hoods
long, vertically oriented, situated laterally. Fold absent. Copulatory ducts broad,
laterally originated, blind sacs short, distal tips slightly overlapped. Sperma-
thecal bases normal, spermathecal stalks extended laterally, with distal tips
conch-shaped, spermathecal heads reduced and membranous, distal tips visi-
ble. Fertilization ducts posteriorly situated.

Male. Unknown.

Distribution. China (Chongging).

Yunguirius wanggiqiae Wei & Liu, sp. nov.
https://zoobank.org/161CD48B-7C1E-4F46-BB59-0587C2B20AEOQ
Figs 6,7,10

Type material. Holotype Q(HBU-WM-24-004), 19 paratype (HBU-WM-24-005):
CHINA: Yunnan Province, Zhaotong City, Weixin County, Houshan mountain,
27.8147°N, 104.8050°E, elevation: 1363 m, 1.X.2018, C.F. Tao and H.Y. Chen
leg.

Etymology. The specific name is dedicated to Ms Qigi Wang, at the desire of
Caifu Tao, who provided the holotype; a noun (name) in genitive case.

Diagnosis. The females of Yunguirius wanggigiae sp. nov. resemble those of
Y. subterebratus and Y. terebratus in that they have long blind sacs of the copula-
tory ducts, approximately equal to the length of the openings of the copulatory
ducts, while the copulatory ducts are ventrally connected with the spermathe-
cae (Figs 1B, 6B; fig. 245B in Zhu et al. 2017). In contrast, other species such as
Y. duoge, Y. parvus sp. nov., Y. trigonus sp. nov. and Y. xiangding have short blind
sacs, shorter than the length of the openings of the copulatory ducts (Fig. 2B,
4B; figs 2B, 4B in Li et al. 2023), or have long blind sacs but the copulatory ducts
are dorsally connected with the spermathecae such as Y. ornatus and Y. xian-
nushanensis sp. nov. (Fig. 8; fig. 3B in Li et al. 2023). However, Y. wanggigiae
sp. nov. can be distinguished from the latter by the following characteristics:
1) the atrium is bowl-shaped, wider than long, and lacks the fold (Fig. 6A), ver-
sus being trapezoidal in Y. subterebratus (fig. 245A in Zhu et al. 2017) or being
subrounded, with the width roughly equal to the length, and presenting the fold
in Y. terebratus (Fig. 1A); 2) the copulatory ducts featuring only the prototype of
the secondary layers (Fig. 6B), versus possessing advanced secondary layers
in Y. terebratus (Fig. 1B); 3) the spermathecal stalks are long and extend later-
ally with conch-shaped distal ends (Fig. 6B), versus being extremely short in Y.
subterebratus (fig. 245B in Zhu et al. 2017), and in Y. terebratus, they are long
but extend obliquely upward, with large and round distal ends (Fig. 1B).

Description. Female (holotype) (Fig. 7). Carapace reddish brown. Cervical
and radial groove distinct. Cephalic region moderately raised and wide, lateral
margin with distinct furrows. Chelicerae with 3 promarginal teeth and 2 ret-
romarginal teeth, condyle red. Sternum longer than wide. Abdomen pale yel-
low, with 5 chevron-shaped patterns, covered by hairs. Legs red. Total length
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P

Figure 6. Epigyne of Yunguirius wanggqigiae sp. nov. A epigyne, ventral view B vulva, dorsal view. Abbreviations: A = atrium;
BS = blind sac; CD = copulatory duct; CO = copulatory opening; FD = fertilization duct; H = hood; PES = posterior epigynal
sclerite; SB = spermathecal base; SH = spermathecal head; SL = the secondary layer of copulatory duct; SS = spermathe-
cal stalk. Scale bar: 0.50 mm.

14.48. Carapace 7.51 long, 5.03 wide, cephalic region 4.28 wide. Abdomen
7.95 long, 4.80 wide. Eye size and interdistance: AME 0.22, ALE 0.31, PME
0.32, PLE 0.38; AME-AME 0.16, AME-ALE 0.20, AME-PME 0.19, ALE-PLE
0.11, PME-PME 0.09, PME-PLE 0.45. Leg measurements: Leg | 19.71 (2.53,
0.93,4.98,2.11,4.08,3.47,1.96), leg 11 17.82 (2.21, 0.86, 4.44,1.93, 3.23, 3.28,
2.11), leg Il 14.82 (2.00, 0.92, 3.67, 1.73, 2.44, 2.85, 1.61), leg IV 19.73 (2.31,
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Figure 7. Characters of the female of Yunguirius wanggigiae sp. nov. A habitus, dorsal view B habitus, prolateral view
C eye area, frontal view D eye area, dorsal view E cephalic region, lateral view. Scale bars: 2.00 mm (A, B); 0.50 mm (C,
D); 0.25 mm (E).

1.11, 4.87, 1.87, 3.84, 4.13, 1.84). Epigyne (Fig. 6). Epigynal teeth absent.
Atrium large, bowl-shaped, anterior margin incomplete. Posterior epigynal
sclerite weakly sclerotized and opalescent. Hoods weak, situated laterally.
Fold absent. Copulatory ducts broad, laterally originated, slightly folded, with
the prototype of the secondary layers; blind sacs long and with distal tips
overlapped. Spermathecal base small; spermathecal stalk long, with distal
tip conch-shaped and extended laterally; spermathecal head only remaining a
sclerotized end. Fertilization ducts posteriorly situated.

Male. Unknown.

Distribution. China (Guizhou, Yunnan).

Yunguirius xiannushanensis Wei & Liu, sp. nov.
https://zoobank.org/40CEC348-B43B-4EB1-9491-103172F2690E
Figs 8,9,10, 11

Type material. Holotype ¢ (HBU-WM-24-006): CHINA: Chongging City, Wu-
long District, Xiannu Mountain, 29.4508°N, 107.7280°E, elevation: 1951 m,
15.1X.2021, T.X. Gu leg.

Etymology. The new species is named after the type locality, Xiannu Moun-
tain; an adjective.
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Figure 8. Epigyne of Yunguirius xiannushanensis sp. nov. A epigyne, ventral view B vulva, dorsal view C vulva, apical view.
Abbreviations: A = atrium; BS = blind sac; CD = copulatory duct; CO = copulatory opening; F = fold; FD = fertilization duct;
H = hood; PES = posterior epigynal sclerite; SB = spermathecal base; SH = spermathecal head; SL = the secondary layer
of copulatory duct; SS = spermathecal stalk. Scale bars: 0.50 mm.

Diagnosis. The females of Yunguirius xiannushanensis sp. nov. resemble
those of Y. ornatus in 1) the atrium is relatively small, less than 1/3 the width of
the epigyne, with a reduced anterior margin (Fig. 8A; fig. 3A in Li et al. 2023); 2)
the connection of the copulatory duct and the spermatheca presents dorsally
(Fig. 8B; fig. 3B in Li et al. 2023). While in other Yunguirius species, the atri-
um exceeding 1/3 the width of the epigyne, with the anterior margin complete
(Y. duoge and Y. parvus sp. nov,, fig. 2A; fig. 2A in Li et al. 2023) or incomplete
(Y. subterebratus, Y. terebratus, Y. trigonus sp. nov., Y. wanggqigiae sp. nov. and
Y. xiangding, figs 1A, 4A, 6A,; fig. 245A in Zhu et al. 2017; fig. 4A in Li et al. 2023),
and the connection of the copulatory duct and the spermatheca presents ven-
trally (Figs 1B, 2B, 4B, 6B; fig. 245B in Zhu et al. 2017; figs 2B, 4B in Li et al.
2023). Y. xiannushanensis sp. nov. can be distinguished from Y. ornatus by the
following characteristics: 1) the atrium is pentagonal (Fig. 8A), versus being
trapezoidal in Y. ornatus (Fig. 3A in Li et al. 2023); 2) the posterior epigynal
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Figure 9. Characters of the female of Yunguirius xiannushanensis sp. nov. A habitus, dorsal view B habitus, prolateral
view C eye area, frontal view D eye area, dorsal view E cephalic region, lateral view. Scale bars: 2.00 mm (A, B); 0.50 mm
(C, D); 0.25 mm (E).

sclerite is reduced and thin, roughly a quarter of the width of the atrium (Fig.
8A), versus being more substantial and about equal to the width of atrium in Y.
ornatus (Fig. 3A in Li et al. 2023); 3) the copulatory ducts are folded, and with
distinct secondary layer (Fig. 8B), versus being monolayered in Y. ornatus (Fig.
3B in Li et al. 2023); 4) the spermathecal bases are large, twice as wide as the
stalks, the spermathecal stalks have conch-shaped distal tips, and the sperma-
thecal heads are membranous and only the distal tips are visible (Fig. 8B); in
contrast, in Y. ornatus, the spermathecal bases are relatively small, slightly wid-
er than the stalks, the distal tips of the stalks are normal, and the spermathecal
heads are long and sclerotized (Fig. 3B in Li et al. 2023).

Description. Female (holotype) (Fig. 9). Carapace reddish brown. Cervical and
radial groove distinct. Cephalic region moderately raised and wide, lateral margin
with distinct furrows. Chelicerae with 3 promarginal teeth and 2 retromarginal
teeth, condyle red. Sternum longer than wide. Abdomen pale yellow, with 5 chev-
ron-shaped patterns, covered by hairs. Legs red. Total length 13.20. Carapace
6.40 long, 4.25 wide, cephalic region 3.70 wide. Abdomen 7.14 long, 4.36 wide.
Eye size and interdistance: AME 0.19, ALE 0.25, PME 0.25, PLE 0.28; AME-AME
0.12, AME-ALE 0.18, AME-PME 0.10, ALE-PLE 0.05, PME-PME 0.13, PME-
PLE 0.34. Leg measurements: Leg | 17.18 (2.26, 0.75, 4.27, 1.91, 3.57, 3.20,
1.69),leg 1115.25(1.94,0.74,3.79,1.70,3.02,2.79,1.67), leg 111 12.68 (1.64, 0.79,
3.15,1.45,2.10, 2.39, 1.40), leg IV 17.77 (1.94, 0.95, 4.40, 1.88, 3.57, 3.49, 1.70).
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Figure 10. Distributions of the species of Yunguirius. 1 Y. duoge 2 Y. ornatus 3 Y. parvus sp. nov. 4 Y. subterebratus 5 Y. ter-
ebratus 6 Y. trigonus sp. nov. 7 Y. wanggqigiae sp. nov. 8 Y. xiangding 9 Y. xiannushanensis sp. nov.

Figure 11. Photos of the nest and the living female of Yunguirius xiannushanensis sp. nov. A opening of the tube nest
B living female.

Epigyne (Fig. 8). Epigynal teeth absent. Atrium relatively small, pentagonal, ante-
rior margin reduced. Epigynal sclerite small, opalescent. Hoods weak, vertically
oriented, situated laterally. Fold distinct, triangular. Copulatory ducts broad, later-
ally originated, folded into 2 layers, and connected with spermathecae ventrally;
blind sacs broad and short. Spermathecal base bean-shaped and twice wider
than width of spermathecal stalk; spermathecal stalk long, with distal tip conch-
shaped; spermathecal head reduced, only remaining a membranous tip on the
distal tip of blind sac. Fertilization ducts posteriorly situated.
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Male. Unknown.

Distribution. China (Chongging).

Notes. Our fieldwork indicates that these new Yunguirius species inhabit
tube nests with round openings dug into soil, moss, or rotten wood of high
humidity, rather than constructing funnel webs beneath rocks or crevices like
some other common agelenid spiders. A further study may be required to de-
termine the origins of the burrowing behavior of these spiders.
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Abstract

This paper revises the genus Eurhaphidophora from China and describes a new spe-
cies, i.e., Eurhaphidophora dulongjiangensis Zhu & Shi, sp. nov. The females of Eur-
haphidophora tarasovi doitungensis Dawwrueng, Gorochov & Suwannapoom, 2020 and
Eurhaphidophora fossa Lu, Huang & Bian, 2022 are described for the first time. More-
over, Eurhaphidophora curvata Lu, Huang & Bian, 2022, syn. nov. is considered as a new
synonym of Eurhaphidophora pawangkhananti Dawwrueng, Gorochov & Suwannapoom,
2020. Images illustrating the morphology of these species are provided.

Key words: Cave crickets, morphology, new species, new synonymy, taxonomy

Introduction

Gorochov (1999) established the genus Eurhaphidophora Gorochov, 1999 and
assigned Eurhaphidophora nataliae Gorochov, 1999 from Vietnam as type
species. Thereafter, nine species were described from China, Vietnam, Laos,
Thailand and Malaysia (Gorochov 2010, 2011, 2012). Later, E. truncata Bian
& Shi, 2016, E. curvata Lu, Huang & Bian, 2022 and E. fossa Lu, Huang & Bian,
2022 were published from China (Bian and Shi 2016; Lu et al. 2022), while E.
pawangkhananti Dawwrueng, Gorochov & Suwannapoom, 2020, E. tarasovi
doitungensis Dawwrueng, Gorochov & Suwannapoom, 2020 and E. apicoexci-
sa Dawwrueng, Gorochov, Pinkaew & Vitheepradit, 2023 were discovered from
Thailand (Dawwrueng et al. 2020, 2023).

Up to now, the genus Eurhaphidophora includes fifteen species, four of which
are recorded from China. Here, we describe a new species E. dulongjiangensis
Zhu & Shi, sp. nov. from China, describe the females of E. tarasovi doitungensis
Dawwrueng, Gorochov & Suwannapoom, 2020 and E. fossa Lu, Huang & Bian,
2022 for the first time, and propose E. curvata Lu, Huang & Bian, 2022, syn. nov.
to become a new synonym of Eurhaphidophora pawangkhananti Dawwrueng,
Gorochov & Suwannapoom, 2020.
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Materials and methods

Specimens were collected by hand at night and preserved in 75% ethanol. The
genitalia were dissected with an insect needle and then put in 10% KOH solu-
tion to clean the tissue. Images were taken with a Zeiss AxioCam ICc5 digi-
tal camera attached to a Zeiss Stereo Discovery V12 microscope and edited
with ADOBE PHOTOSHOP 2022. With regard to the scheme of arrangement of
spines on the tibiae and hind basitarsus we follow Gorochov and Storozhenko
(2015) and for measurements we follow Zhu et al. (2022). The type specimen
is deposited in the Museum of Hebei University, Baoding, China (HBU).

Results

Genus Eurhaphidophora Gorochov, 1999

Type species. Eurhaphidophora nataliae Gorochov, 1999, by original designation.

Diagnosis. Body medium-sized in Rhaphidophorinae. Seventh and eighth ab-
dominal tergites of male with a small posterior median projection that is nearly
rounded or angular. Posterior margin of ninth abdominal tergite of male pro-
vided with a large median process. Male epiproct simple. Male genitalia mem-
branous. Lateral lobes of dorso-median blade large, almost entirely covering
central lobe of this blade.

Distribution. China, Laos, Malaysia, Thailand and Vietnam.

Eurhaphidophora dulongjiangensis Zhu & Shi, sp. nov.
https://zoobank.org/FAE6DABO-1028-40DD-A5A2-1F8BA6D2411A
Figs 1,2A,B

Type material. Holotype. &, CHINA: Yunnan Province, Gongshan County, Du-
longjiang Town, Bapo Village, 27.7418°N, 98.3561°E, alt. 1610 m, 9.VII.2021,
Shengchuan Yang leg.

Diagnosis. The new species can be distinguished from other congeneric
species by the shape of the male epiproct and the ninth abdominal tergite. The
ninth abdominal tergite of the male has a long posteromedian process, basal
half narrow with a longitudinal median furrow, lateral sides raised into ridges;
apical half slightly broadened and curved downwards, with a carina in midline,
apex truncate. Male epiproct linguiform, concave on ventral side, apical area
slightly protruding.

Description. Male. Body medium-sized. Fastigium verticis with rostral tuber-
cles, pressed to each other and divided by a narrow and deep furrow, pointing
forwards. Eyes ovoid, protruding forwards; lateral ocelli large and circular, oc-
cupying basal 2/3 of lateral surface of rostral tubercles; median ocellus slightly
smaller, oval, located between antennal sockets. Pronotum long, anterior margin
straight, posterior margin arcuate; lateral lobe longer than high, ventral margin
arc-shaped. Mesonotum and metanotum short, posterior margin of mesono-
tum arcuate, posterior margin of metanotum straight. Fore coxa with one small
spine. Internal genicular lobe of fore femur with one long spine; internal and
external genicular lobes of mid femur each with one long spine; hind femur with

ZooKeys 1211: 17-28 (2024), DOI: 10.3897/z00keys. 1211.128308 18
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Figure 1. Eurhaphidophora dulongjiangensis Zhu & Shi, sp. nov. A=l & A-C head and pronotum A frontal view B lateral
view C dorsal view D—H apex of abdomen D lateral view E apico-lateral view F dorsal view G apical view H ventral view
I hind tarsus in lateral view.

one inner spine on ventral surface, internal genicular lobe with one small spine.
Tibia and hind basitarsus with following armament - ve, vi, ve, v2a / de, d~2,
d2a, ve, ve, v2a / d20e-18i (d22e-20i), d2sa, 6a / d3c, dac. Posterior margin
of eighth abdominal tergite angularly projecting. Ninth abdominal tergite with
long posteromedian process, basal half narrow with a longitudinal median fur-
row, lateral sides raised into ridges; apical half slightly broadened and curved
downwards, with a carina in midline, apex truncate. Epiproct linguiform, con-
cave ventrad, apical area slightly protruding; paraproct nearly triangular in lateral
view. Cercus narrow, conical, apex acute. Subgenital plate transverse and broad,
posterior margin straight. Stylus cylindrical, apex rounded, inserted on postero-
lateral area of subgenital plate. Genitalia membranous. Female. Unknown.

ZooKeys 1211: 17-28 (2024), DOI: 10.3897/zookeys.1211.128308 19
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0.5 mm

Figure 2. Male genitalia of Eurhaphidophora spp. A, C dorsal view B, D ventral view A, B Eurhaphidophora dulongjiangen-
sis Zhu & Shi, sp. nov. C, D Eurhaphidophora tarasovi doitungensis Dawwrueng, Gorochov & Suwannapoom, 2020.

Coloration. Body light brown. Face, fastigium verticis and eyes black; ocelli
pale. Thoracic tergites brown.

Measurements (mm). Body length: £29.60; length of pronotum: J47.44;
length of fore femur: 2'9.36; length of hind femur: $20.18; length of hind tibia:
&18.34; length of hind basitarsus: 33.50.

Etymology. The name of the new species derives from the type locality.

Distribution. China (Yunnan).

Eurhaphidophora tarasovi doitungensis Dawwrueng, Gorochov &
Suwannapoom, 2020
Figs 2C, D, 3

Eurhaphidophora tarasovi doitungensis Dawwrueng, Gorochov & Suwannapoom,
2020. In: Dawwrueng, Gorochov, Tanomtong and Suwannapoom 2020: 240.

Material examined. 1312, CHINA: Yunnan Province, Lvchun County, Banpo
Town, 22.6517°N, 102.1236°E, alt. 1073 m, 17.VI11.2023, Mengjia Zheng leg.

ZooKeys 1211: 17-28 (2024), DOI: 10.3897/z00keys. 1211.128308 20
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Figure 3. Eurhaphidophora tarasovi doitungensis Dawwrueng, Gorochov & Suwannapoom, 2020 A-l & A-C head and
pronotum A frontal view B lateral view C dorsal view D—I apex of abdomen D dorsal view E lateral view F, G apico-lateral
view H apical view I ventral view J, K @ J subgenital plate K ovipositor in lateral view.

ZooKeys 1211: 17-28 (2024), DOI: 10.3897/zookeys.1211.128308 21



Qidi Zhu & Fuming Shi: Further notes on the genus Eurhaphidophora

Description. Male. Body medium-sized. Fastigium verticis with rostral tuber-
cles, pressed to each other and divided by a narrow and deep furrow, pointing
forwards. Eyes ovoid, protruding forwards; lateral ocelli large and circular, oc-
cupying basal 2/3 of lateral surface of rostral tubercles; median ocellus slight-
ly smaller, oval, located between antennal sockets. Pronotum long, anterior
margin straight, posterior margin arcuate; lateral lobe longer than high, ventral
margin arc-shaped. Mesonotum and metanotum short, posterior margin of me-
sonotum arcuate, posterior margin of metanotum straight. Fore coxa with one
small spine. Internal genicular lobe of fore femur with one long spine; internal
and external genicular lobes of mid femur each with one long spine; internal
genicular lobe of hind femur with one small spine. Tibia and hind basitarsus
with following armament - ve, vi, ve, v2a / d~2, d2a, ve, ve, v2a / d17e-17i
(d21e-19i), d2sa, 6a / d2c (d3c), dac. Posterior margin of eighth abdominal
tergite angularly projecting. Ninth abdominal tergite with long posteromedian
process, parallel on both sides, lateral margin bent downwards, apical area with
a wide notch. Epiproct with longitudinal median concavity on dorsal surface,
basal half with a pair of angular lateral lobes, apical half linguiform, curved
downwards and forwards; paraproct nearly triangular in lateral view. Cercus
slender, conical, apex acute. Subgenital plate transverse and broad, posteri-
or margin straight. Stylus cylindrical, apex rounded, inserted on posterolater-
al area of subgenital plate. Genitalia membranous. Female. Posterior margin
of ninth abdominal tergite slightly convex. Epiproct lingulate. Ovipositor short,
slightly curved upwards, apical area of ventral margin denticulate. Subgenital
plate triangular, apex acute.

Coloration. Body light brown. Face, fastigium verticis and thoracic tergites
brown. Eyes black, ocelli pale.

Measurements (mm). Body length: 323.70, ¢18.10; length of pronotum:
46.48, 96.48; length of fore femur: 37.60, 7.44; length of hind femur: 318.26,
©17.66; length of hind tibia: $16.86, 215.90; length of hind basitarsus: 32.66,
©2.96; length of ovipositor: 8.26.

Distribution. China (Yunnan); Thailand.

Remarks. The species is newly recorded from China and the female is de-
scribed for the first time.

Eurhaphidophora pawangkhananti Dawwrueng, Gorochov & Suwannapoom, 2020
Figs 4,5, 6A, B

Eurhaphidophora pawangkhananti Dawwrueng, Gorochov & Suwannapoom,
2020. In: Dawwrueng, Gorochov, Tanomtong and Suwannapoom 2020: 242.
Eurhaphidophora curvata Lu, Huang & Bian, 2022, syn. nov.

Material examined. CHINA: * Yunnan Province, 1319, Puer City, Meizihu Park,
22.7594°N,100.9963°E, alt. 1302 m, 20.VII.2019, Qidi Zhu leg.; * 43329 2, Puer
City, Yixiang Town, 22.7487°N, 101.0563°E, alt. 1470 m, 22.VIII.2019, Qidi Zhu
leg.; * 1283209 Q, Puer City, Meizihu Park, 22.7594°N, 100.9963°E, alt. 1302 m,
19.VII1.2023, Jie Su leg.

Description. Male. Body medium-sized. Fastigium verticis with rostral tubercles,
pressed to each other and divided by a narrow and deep furrow, pointing forwards.

ZooKeys 1211: 17-28 (2024), DOI: 10.3897/z00keys. 1211.128308 22
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! Ly J * &
Figure 4. Eurhaphidophora pawangkhananti Dawwrueng, Gorochov & Suwannapoom, 2020 A-G 4 A-C head and prono-
tum A frontal view B lateral view C dorsal view D—G apex of abdomen D lateral view E dorsal view F apical view G ventral
view H, | ¢ H subgenital plate I ovipositor in lateral view.

Eyes ovoid, protruding forwards; lateral ocelli large and circular, occupying bas-
al 2/3 of lateral surface of rostral tubercles; median ocellus slightly smaller, oval,
located between antennal sockets. Pronotum long, anterior margin straight, pos-
terior margin arcuate; lateral lobe longer than high, ventral margin arc-shaped. Me-
sonotum and metanotum short, posterior margin of mesonotum arcuate, posterior
margin of metanotum straight. Fore coxa with one small spine. Internal genicular
lobe of fore femur with one long spine; internal and external genicular lobes of
mid femur each with one long spine; internal genicular lobe of hind femur with one
small spine. Tibia and hind basitarsus with following armament - ve, (vi), ve, v2a
/ d~2,d2a, ve, ve, v2a / d18e—18i (d20e-19i), d2sa, 6a / d1c (d4c), dac. Posterior
margin of eighth abdominal tergite angularly projecting. Ninth abdominal tergite

ZooKeys 1211: 17-28 (2024), DOI: 10.3897/zookeys.1211.128308 23
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Figure 5. Eurhaphidophora pawangkhananti Dawwrueng, Gorochov & Suwannapoom, 2020 A, B apex of male abdomen
A apico-lateral view B apical view.

long and wide, strongly curved downwards, basal half with a short dorso-median
ridge, apex nearly truncate. Epiproct cup-shaped, basal half wide, nearly semicircu-
lar, apical process narrow, curved downwards and forwards. Cercus slender, con-
ical, apex acute. Subgenital plate transverse and broad, posterior margin straight.
Stylus cylindrical, apex rounded, inserted on posterolateral area of subgenital
plate. Genitalia membranous. Female. Posterior margin of ninth abdominal tergite
with small projection. Epiproct lingulate. Ovipositor slightly curved upwards, apical
area of ventral margin denticulate. Subgenital plate nearly triangular, apex acute.

Coloration. Body light brown. Eyes black, ocelli pale.

Measurements (mm). Body length: §25.50-26.8, 924.68-25.40; length of
pronotum: §6.54-6.90, $6.58-6.60; length of fore femur: 37.52-7.80, $7.50—
7.76; length of hind femur: $17.06-17.66, $17.38-17.96; length of hind tibia:
315.58-15.90, 215.02-15.50; length of hind basitarsus: 33.22-3.26, 92.96~
3.20; length of ovipositor: 12.02-12.80.

Distribution. China (Yunnan); Thailand.

Remarks. Dawwrueng et al. (2020) described E. pawangkhananti from Thai-
land. Then, Lu et al. (2022) published E. curvata from China and thought it was
close to E. ampla Gorochov, 2010 and E. orlovi Gorochov, 2010. Dawwrueng et
al. (2023) compared E. curvata to E. pawangkhananti, which is very similar to E.
curvata. The two species can be distinguished by the characteristics of the male
epiproct and the subgenital plate. However, the male epiproct of E. curvata is also
greatly similar to that of E. pawangkhananti, which is cup-shaped, broad and rath-
er short with an apical process that is very narrow and slightly curved forward in
lateral view (Fig. 5). When the apical part is not fully exposed, the posterior margin
of the epiproct appears to be widely rounded (Fig. 4F). Moreover, it is not obvious
whether the posterior margin of the male subgenital plate between its styli is con-
vex or almost straight, so it cannot be used as the main distinguishing character.
Therefore, we consider E. curvata Lu, Huang & Bian, 2022, syn. nov. to be a new
synonym of E. pawangkhananti Dawwrueng, Gorochov & Suwannapoom, 2020.

ZooKeys 1211: 17-28 (2024), DOI: 10.3897/zookeys.1211.128308 24
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Eurhaphidophora fossa Lu, Huang & Bian, 2022
Figs 6C,D, 7

Eurhaphidophora fossa Lu, Huang & Bian, 2022: 394.

Material examined. CHINA: * Yunnan Province, 54342 @, Jinghong City, Gasa Town,
21.9589°N, 100.7678°E, alt. 1340 m, 11.VII1.2019, Qidi Zhu leg.; * 18392, Menghai
County, Guomenshan, 22.0610°N, 100.5682°E, alt. 1770 m, 11.VII1.2023, Jie Su and
Sheng Gao leg.; * 48369 Q, Lvchun County, Banpo Town, 22.6517°N, 102.1236°E,
alt. 1073 m, 17.VII11.2023, Mengjia Zheng, Xiaolong Tong and Tianshuo Han leg.
Description. Male. Body medium-sized. Fastigium verticis with rostral tuber-
cles, pressed to each other and divided by a narrow and deep furrow, pointing
forwards. Eyes ovoid, protruding forwards; lateral ocelli large and circular, oc-
cupying basal 2/3 of lateral surface of rostral tubercles; median ocellus slightly
smaller, oval, located between antennal sockets. Pronotum long, anterior margin
straight, posterior margin arcuate; lateral lobe longer than high, ventral margin
arc-shaped. Mesonotum and metanotum short, posterior margin of mesonotum
arcuate, posterior margin of metanotum straight. Fore coxa with one small spine.

0.5 mm

Figure 6. Male genitalia of Eurhaphidophora spp. A, C dorsal view B, D ventral view A, B Eurhaphidophora pawangkhananti
Dawwrueng, Gorochov & Suwannapoom, 2020 C, D Eurhaphidophora fossa Lu, Huang & Bian, 2022.
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A-C head and pronotum A frontal view B lateral view
C dorsal view D—G apex of abdomen D lateral view E dorsal view F apical view G ventral view. H, | ¢ H subgenital plate
I ovipositor in lateral view.

Internal genicular lobe of fore femur with one long spine; internal and external
genicular lobes of mid femur each with one long spine; internal genicular lobe
of hind femur with one small spine. Tibia and hind basitarsus with following ar-
mament - ve, vi, ve, v2a / d~2, d2a, ve, ve, v2a / d17e-16i (d19e-19i), d2sa, 6a /
d1c (d5c), dac. Posterior margin of eighth abdominal tergite rounded. Ninth ab-
dominal tergite long, trapezoid. Basal 2/3 of epiproct trapezoid, apical 1/3 rect-
angular, curved downwards; paraproct nearly triangular in lateral view. Cercus
narrow, conical, apex acute. Subgenital plate transverse and broad. Stylus cylin-
drical, apex rounded, inserted in posterolateral area of subgenital plate. Genitalia
membranous. Female. Posterior margin of ninth abdominal tergite with small
projection. Epiproct lingulate. Ovipositor slightly curved upwards, apical area of
ventral margin denticulate. Subgenital plate nearly triangular, apex acute.
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Coloration. Body light brown. Eyes black, ocelli pale.

Measurements (mm). Body length: §27.76-27.94, $28.00-28.60; length of
pronotum: 36.68-7.20, 97.40-7.68; length of fore femur: £7.72-7.80, 27.80—
8.38; length of hind femur: 18.26-19.38, £20.26-21.00; length of hind tibia:
416.30-16.40, 217.2-18.4; length of hind basitarsus: $3.20-3.92, 23.78-
4.00; length of ovipositor: 13.44-14.20.

Distribution. China (Yunnan).

Remarks. The female of E. fossa Lu, Huang & Bian, 2022 is described for the
first time.

Discussion

The subfamily Rhaphidophorinae includes eight genera (Cigliano et al. 2024).
The genus Eurhaphidophora can be distinguished from other genera by the
structure of the ninth abdominal tergite and the male genitalia (Gorochov 1999;
Lu et al. 2022; Dawwrueng et al. 2023). The other genera differ in the form of
the male epiproct or the abdominal tergites (Bian and Shi 2016; Qin et al. 2018).
However, the classification of some species remains controversial, such as
Neorhaphidophora longispinula (Bian, Zhu & Shi, 2017). Up to now, the classifi-
cation of the subfamily Rhaphidophorinae is based on morphological character-
istics, without molecular evidence. We cannot judge whether the distinguishing
characters of the classification system for the genera are appropriate. More-
over, the phylogenetic relationship between genera is still unclear. Further stud-
ies on the subfamily Rhaphidophorinae based on more evidence are needed.
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Abstract

In Mexico, land use changes have significantly impacted the diversity of amphibians and
reptiles in a negative way. In light of this, we evaluate the alpha and beta components
of the taxonomic diversity of amphibians and reptiles in a heterogeneous landscape in
west-central Mexico. Additionally, we provide a checklist of amphibian and reptile species
recorded over nine years of observations within the studied landscape and surrounding
areas. The land cover/use types with the highest species richness and alpha taxonomic
diversity differed between amphibians and reptiles. Overall beta taxonomic diversity was
high for both groups, but slightly higher in reptiles. This taxonomic differentiation mainly
corresponded to a difference in the turnover component and was greater in pristine
habitats compared to disturbed ones. The checklist records 20 species of amphibians
(ten of which are endemic) and 48 of reptiles (30 endemics). Additionally, the study
expands the known geographical distribution range of one species of frog and three
species of snakes. Our findings suggest that heterogeneous landscapes with diverse
land cover/use types can provide essential habitats for the conservation of amphibian
and reptile species.

Key words: Crops, herpetofauna, Jalisco state, native vegetation, range extension

Introduction

Amphibians and reptiles are abundant and diverse components of terrestrial
and freshwater ecosystems, serving various ecological functions (Pough et al.
2004; Wells 2007). Mexico harbors 418 species of amphibians (AmphibiaWeb
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2023; Ramirez-Bautista et al. 2023) and 1,044 of reptiles (Ramirez-Bautista et
al. 2023; Uetz 2024), which account for 4.9% of the world’s amphibians and
8.9% of its reptiles. Besides, 65% of the amphibians and 57% of the reptiles
are endemic to Mexico, occurring predominantly in the Trans-Mexican Volcanic
Belt and the Balsas Depression (Ochoa-Ochoa and Flores-Villela 2006).

Human pressure on natural environments has been intensifying mainly with
agricultural landscapes becoming increasingly dominant. Land-use changes
threaten biodiversity, primarily through habitat loss and degradation (Fischer
and Lindenmayer 2007; Sayer et al. 2013; Davison et al. 2021). Amphibians and
reptiles have very distinct physiologies, biologies, and ecological traits (Pough
et al. 2004; Wells 2007). As a result, they tend to differ in their responses to en-
vironmental disturbances (Koleff and Guyer 2008). Particularly amphibians are
often more susceptible to these changes due to their permeable skin, and their
communities can show significant shifts in taxonomic and functional diversity
(Ernst et al. 2006; Ernst and Rodel 2008). In disturbed environments, amphibi-
an and reptile communities are less diverse than in pristine or protected ones
mainly due to microhabitat loss, lack of food (Gardner et al. 2007; Trimble and
Aarde 2014; Thompson et al. 2015) competition, predation, spread of diseases
from invasive species (Bucciarelli et al. 2014; Kraus 2015; Falaschi et al. 2020),
in addition to habitat alteration and hybridization (Falaschi et al. 2020). Also,
disturbed habitats can lead to significant species turnover at the landscape
scale, favoring generalist or invasive species while also sustaining a few native
species (Wanger et al. 2010).

One approach used to quantify the taxonomic complexity of species assem-
blages at the local level and to evaluate the response of organisms to spatial
gradients and differentiation at the regional level has been to analyze the alpha
(local) and beta (turnover) diversity of these assemblages (Baselga 2010; Jost
et al. 2011).The more traditional diversity measures (e.g., species richness,
Shannon index, Jaccard index, etc.) of alpha and beta diversity (often referred
to as ecological) assume that all species carry the same weight (Magurran
2004; Chao et al. 2010), and thus fail to consider taxonomic diversity of spe-
cies and their evolutionary past (Gaston and Spicer 2004). As a result, methods
have been developed to add this dimension (Warwick and Clarke 1995). Alpha
and beta diversity can be assessed by incorporating supra-specific levels asso-
ciated with each species (e.g., genus, family, and order) to capture information
on their phylogenetic diversity and their ecological and evolutionary histories
(Warwick and Clarke 1998; Nipperess et al. 2010; Carvalho et al. 2012). This
approach can even be used with large assemblages that lack species-level phy-
logenies (Izsak and Price 2001; Carvalho et al. 2012).

The alpha component of taxonomic diversity consists in the distinctiveness
of taxa which measures the degree of taxonomic relatedness of species pres-
ent in each sample, a reflection of the ecological and evolutionary mechanisms
that have contributed to taxonomic composition (Warwick and Clarke 1998).
Beta taxonomic diversity can be divided into turnover (replacement) and differ-
ences in richness (loss or gain) components (Baccaro et al. 2007; Carvalho et
al. 2012). The measure of differences in richness is useful to understand how
habitat conditions affect communities and, when assessing highly heteroge-
neous landscapes, the patchiness of the species that inhabit them (Melo et al.
2009; Ochoa-Ochoa et al. 2014).
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Our understanding of taxonomic diversity of amphibians and reptiles in Mex-
ico has been enriched by several studies. Cruz-Elizalde et al. (2014) showed
that the richest environments for reptile species in the Chihuahuan Desert were
not taxonomically diverse. Herndndez-Salinas et al. (2023), who measured tax-
onomic and functional diversity in amphibian and reptile communities in six
vegetation types in Durango, found that vegetation types that had more com-
plex family and genera networks differed between the two groups. Diaz de la
Vega-Pérez et al. (2019) recorded high amphibian and reptile dissimilarities be-
tween habitats at La Malinche National Park. Many have reported high overall
values of taxonomic beta diversity for amphibians and reptiles compared to
other vertebrate groups (Koleff et al. 2008; Ochoa-Ochoa et al. 2014; Calderén-
Patrén et al. 2016). However, between these two groups Calderén-Patrén et al.
(2016) recorded higher beta diversity (species) and beta taxonomic diversity
(species and associated taxonomic levels) for reptiles and Ochoa-Ochoa et
al. (2014) obtained this same result particularly for the central and northwest
regions of Mexico.

Although in Mexico amphibians and reptile species have been documented
as disappearing because of human activity such as habitat fragmentation, pol-
lution, pet trade, invasive species, emerging diseases, and global warming, they
are still the less well-studied vertebrate groups (Ceballos et al. 2015). In this
study, we report on 1) the spatial variation of alpha (Warwick and Clarke 1998)
and beta (Carvalho et al. 2012) taxonomic diversity of amphibians and rep-
tiles in a heterogeneous landscape in west-central Mexico, and 2) a checklist
including some species’ geographic range extensions. We first hypothesized
that species richness and alpha taxonomic diversity of amphibians and rep-
tiles would be highest in the same habitats across the heterogeneous land-
scape. Secondly, we predicted a lower species richness and taxonomic diver-
sity in the land use types of corn and sugarcane crops for both groups and,
for amphibians, higher species richness, and alpha taxonomic diversity in the
riparian habitat surrounded by tropical dry forest (RH-TDF). We made these
predictions because habitat complexity, the presence of permanent water (es-
pecially for amphibians), and less habitat disturbance encourage patterns of
higher species richness and taxonomic distinctiveness. Thirdly, we expected
beta diversity to be high for both groups due to the heterogeneity of the land-
scape, and for it to be higher for amphibians than reptiles with a strong turnover
component due to their lower mobility as reported in previous work. Finally, we
predicted higher dissimilarities between the land use types and the land cover
types for both groups.

Materials and methods
Study area

The study area consisted of different land cover/use types within the municipal-
ities of Ahualulco de Mercado (main population 20°42'6.84"N, 103°58'24.96"W)
and Teuchitlan (20°40'59.88"N, 103°50'51.72"W), both located in the west-cen-
tral state of Jalisco, México (Fig. 1). The territory of Ahualulco de Mercado
ranges in elevation between 1280 and 2600 m a.s.l. The weather is semi-warm /
semi-humid, with a mean annual temperature of 20.5 °C and average minimum
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and maximum temperatures of 7.9 °C and 33.3 °C, respectively. The average
annual precipitation is 900 mm, with a cumulative average of 643.27 mm (IIEG
2023a). In Teuchitlan, the elevation ranges between 1247 and 2392 m a.s.l. The
weather is semi-dry / semi-warm, with a mean annual temperature of 21.2 °C
and average maximum and minimum temperatures of 33.5 °C and 8.4 °C, re-
spectively (IIEG 2023b). Mean annual precipitation is 948 mm, with an average
accumulated precipitation of 634.56 mm; rain occurs mainly in the summer,
and dry periods happen during spring and winter (IIEG 2023b). We selected
the following ten main land cover/use types (sampling sites): sugar cane field
(SCF), riparian habitat surrounded by crops (RH-C), cornfield (C), highly pertur-
bated tropical dry forest (HPTDF), tropical dry forest (TDF), riparian habitat sur-
rounded by tropical forest (RH-TDF), riparian habitat surrounded by temperate
forest (RH-TF), secondary vegetation surrounded by temperate forest (SV-TF),
oak forest (OF) and pine-oak forest (POF) (Fig. 1).

The municipalities of Ahualulco de Mercado and Teuchitlan have similar ter-
ritorial areas of 235.25 and 211.18 square kilometers, respectively. The two
neighboring municipalities share a broad valley. The predominant land use
types are agricultural and livestock activity, covering 60% of its surface, fol-
lowed by secondary vegetation at 17% (IIEG 2023a, 2023b). The SCF land use
type was located between 1258 and 1390 m a.s.l. Both municipalities are im-
portant for sugarcane production in Jalisco (SIAP 2018). The C was found on
the lower slopes of the mountains between 1250 and 1440 m a.s.l. Clearing
events for agriculture have occurred in these areas since pre-Columbian times.
The predominant crops are rainfed corn, Zea mays, and Agave tequilana (San-
tiago-Pérez 2023).

The RH-C land cover type is found between 1265 and 1270 m a.s.l. along a
stretch of the Teuchitlan River. The dominant tree species were Salix humbold-
tiana, Fraxinus uhdei, Ficus insipida, Lysiloma acapulcense, Baccharis salicifolia,
Salix taxifolia, Arundo donax and Scirpus californicus. One riverbank is used
for crops, the other for recreational activities. HPTDF, with a high disturbance
level, was found between 1200 and 1500 m a.s.l., and the dominant tree spe-
cies were Acacia farnesiana, A. pennatula, Prosopis laevigata, and Pithecello-
bium dulce. The TDF was found between 1200 and 1700 m a.s.l. and included
Bursera bipinnata, Ipomoea murucoides, L. acapulcense, Opuntia fuliginosa, and
Tecoma stans as dominant species (Garcia-Martinez and Rodriguez 2018). The
TDF had both temporary and permanent water bodies, but some areas were de-
forested, so C and SCF were established instead (Rosas-Espinoza et al. 2022).
The TDF in the archaeological zone of Guachimontones (1300 to 1482 m a.s.l.)
had frequent Bursera fagaroides, B. bipinnata, B. palmeri, Ipomoea intrapilosa,
Heliocarpus terebinthinaceus, Guazuma ulmifolia, Eysenhardtia polystachya,
and Leucaena leucocephala (Santiago-Pérez 2023).

The RH-TDF had permanent streams. It was found between 1450 and
1750 m a.s.l. and was dominated by L. acapulcense, Lippia umbellata, Eysen-
hardtia polystachya and I. intrapilosa. The RH-TF had both permanent and tem-
poral streams. It was located between 1500 and 1800 m a.s.l., and the domi-
nant tree species were Salix bonplandiana, Quercus magnoliifolia, Q. splendens,
Q. obtusata, Aiouea pachypoda, and Oreopanax peltatus (Garcia-Martinez and
Rodriguez 2018). The dominant tree species in SV-TF (1550-1750 m a.s.l.) were
I. intrapilosa, T. stans, A. farnesiana, Verbesina greenmanii, Solanum madrense,
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Figure 1. A study area in Jalisco, Mexico B sampling points in the landscape. Sampling plots (C, D). Codes: sugar cane
field (SCF), riparian habitat surrounded by crops (RH-C), cornfield (C), highly perturbed tropical dry forest (HPTDF), trop-
ical dry forest (TDF), riparian habitat surrounded by tropical dry forest (RH-TDF), riparian habitat surrounded temperate
forest (RH-TF), secondary vegetation surrounded by temperate forest (SV-TF), oak forest (OF) and pine-oak forest (POF)
(modified after Rosas-Espinoza et al. 2022).

and Senna foetidissima (Garcia-Martinez and Rodriguez 2018). An artificial
pond had water yearly (Rosas-Espinoza et al. 2022). The OF was found be-
tween 1500 and 1900 m a.s.l., with Quercus resinosa, Q. magnoliifolia, Q. casta-
nea, and Q. gentry as the dominant tree species. The POF was found between
1800 and 2590 m a.s.l. The predominant tree species were Q. resinosa, Pinus
oocarpa, P devoniana, and P. lumholtzii (Garcia-Martinez and Rodriguez 2018).

Amphibian and reptile surveys for taxonomic diversity measurements

We established circular diurnal (500 m? each one) and rectangular nocturnal
(10,000 m?) survey plots in each land cover/use type. The diurnal plots were
separated 400 m of distance from each one. At each plot an intensive unre-
stricted visual search was carried out on the microhabitats preferred by these
reptile species in each point count (i.e., logs and rocks). We recorded all indi-
viduals observed, and when possible, measured and photographed them. They
were later released at the capture site. We conducted nine, monthly, samplings
of the amphibian and reptile communities from July 2011 to August 2012 in
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TDF, RH-TDF, RH-TF, SV-TF, OF, and POF. Additionally, we surveyed both groups
of taxa for eight months from September 2012 to September 2013 in SCF, RH-C,
C, and HPTDF. Once a month during the day, we surveyed 12,500 m?in TDF, RH-
TDF, and RH-TF; 15,000 m?in SCF, C, and HPTDF; 17,500 m? in SV-TF; 25,000 m?
in OF and POF; and 22,500 m? in RH-C. And at night we surveyed 10,000 m? in
each land cover/use type.

Amphibian and reptile checklist and distribution extensions

We included in the checklist all species whose presence within the study area
or surroundings was confirmed by direct observation between August 2011
and December 2020. To corroborate a species’ identity, we took and deposited
photographs in the Coleccién Herpetoldgica of the Museo de Zoologia in the
Facultad de Estudios Superiores Zaragoza, Universidad Autonoma de México.
We followed Frost (2023) for the taxonomy of amphibians, Uetz (2024) and
Zaher et al. (2019) for that of the reptiles, and CONABIO (2023) for common
names. We considered various scientific sources to determine the endemism
of amphibians and reptiles (e.g., Cruz-Séenz et al. 2017; Johnson et al. 2017;
Frost 2023; AmphibiaWeb 2023; Ramirez-Bautista et al. 2023). We consulted
the Mexican government threatened species list NOM-059 (SEMARNAT 2019),
IUCN (2024) and Environmental Vulnerability Score (EVS; Wilson et al. 2013a,
2013b) to establish each species’ conservation status. We used the species
distribution maps published by the Red List of Threatened Species of the [IUCN
(2024) and records from Global Biodiversity Information Facility (GBIF). We
measured the distance of our records to the closest observations in the region.
We determined a species range extension when an observation was made at
least 20 km in a straight line from the nearest record.

Statistical analysis of the taxonomic diversity

We generated monthly matrices of presence-absence of amphibian and reptile
species. We determined sampling effort in each land/use type and the whole
study area using sample-based rarefaction curves using the non-parametric
estimators Chao 2, Jackknife 1, and Jackknife 2. All rarefaction curves were
built using 10,000 randomizations without replacement. We performed these
analyses using EstimateS 9.1.0 (Colwell 2013).

Alpha taxonomic diversity

We measured the alpha component of taxonomic diversity by computing
taxonomic distinctness. It takes into consideration the degree of taxonomic
relatedness among species in each sample as a reflection of the ecological
and evolutionary mechanisms that contribute to taxonomic composition (War-
wick and Clarke 1998). To quantify the degree of taxonomic relatedness among
species in the various land covers/use types, we calculated the average tax-
onomic distinctness (Delta, A*) and its variation (Lambda, A*) (Warwick and
Clarke 1995; Clarke et al. 2014) per land cover/use type for all amphibians and
reptiles’ assemblages. We built a five-level taxonomic aggregation matrix that
included species, genus, family, order, and phylum. We used the same weight
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for all taxonomic levels (w = 1). We created the models with a 95% confidence
interval by carrying out 10,000 permutations and with a ratio of 1.2 species
(Clarke and Warwick 1998). All analyses (A + and A+) were performed using
PRIMER 7.0.21 and PERMANOVA +1 (Clarke and Gorley 2015).

Beta taxonomic diversity

We measured the beta component of taxonomic diversity by calculating and
partitioned taxonomic beta into turnover (B8.3) and differences in richness
(Brich) components following Baccaro et al. (2007) and Carvalho et al. (2012).
Bcc represents the total dissimilarity (1 — Jaccard’s similarity coefficient) split
between the components of dissimilarity (8.3) and dissimilarity due to differ-
ences in richness (Brich). We considered four supra-specific levels (species,
genus, family, and order) for both groups. We assessed taxonomic beta diver-
sity and partitioning of components using the “BAT” package (Cardoso et al.
2024) and Carvalho et al. (2012) script. We performed these analyses using the
R studio program R-project 4.1.1 (R Development Core Team 2022).

Results

We recorded 20 species of amphibians and 39 of reptiles in the study area be-
tween August 2011 and September 2013. The average sampling effort for am-
phibians was 81.8% of representativity for the study area and that for reptiles,
80.5% (Fig. 2). The average sampling effort varied between 61% and 95.6% of
representativity between all land cover/use types for amphibians, and between
65.3% and 97.6% for reptiles (Suppl.material 1: table S1).

Alpha taxonomic diversity

Numerically, we recorded the lowest amphibian species richness in POF (three
species) compared to the highest richness in HPTDF (eight), RH-C (nine), and
RH-TDF (ten). Medium species richness was recorded in OF (five), TDF (five),
RH-TF (six), CO (six), SCF (seven), and SV-TF (seven). In contrast, we recorded
the lowest species richness for reptiles in RH-TF (five), CA (seven), C (seven),
and POF (nine). SV-TF (18) had the highest richness. Medium species richness
was registered in RH-TDF (10), OF (12), HPTDF (12), RH-C (13), and TDF (14).

The average taxonomic distinctness for amphibians and reptiles had all the
A+ and A+ values within the probability funnels (p>0.05) (Fig. 3), which indi-
cates that the alpha taxonomic richness of amphibians and reptiles was within
the model’s expectations.

Beta taxonomic diversity

The taxonomic beta diversity of amphibians and reptiles was high overall in both
groups, being slightly higher in reptiles (8multi = 0.70) than in amphibians (8multi
= 0.60). The turnover component (8.3 = 0.43 and 8.3 = 0.32, respectively) was
the most significant contributor to taxonomic differentiation in all comparisons.
In turn, the two groups had a low contribution from the differences in richness
component (Brich = 0.27 for reptiles and Brich = 0.27 for amphibians) (Fig. 4A, C).
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Figure 2. Sample-based rarefaction curves for amphibians and reptiles generated us-
ing presence-absence data, showing observed and expected species for the different
land cover/use types using non-parametric estimators. Codes: sugar cane field (SCF),
riparian habitat surrounded by crops (RH-C), cornfield (C), highly perturbated tropical dry
forest (HPTDF), tropical dry forest (TDF), riparian habitat surrounded by tropical forest
(RH-TDF), riparian habitat surrounded temperate forest (RH-TF), secondary vegetation
surrounded by temperate forest (SV-TF), oak forest (OF), pine-oak forest (POF), and
number of species observed (Sobs).

In contrast, amphibians and reptiles had divergent patterns in regard to beta
diversity (both turnover and richness differences) in pairwise comparisons be-
tween land cover/use types. Only POF and OF showed differences in richness
in amphibians and reptiles without the turnover component (Fig. 4B, D).

For amphibians, the pairwise comparisons with the highest beta taxonomic
diversity were between POF and SCF (0.92), POF and RH-C (0.86), and TDF and
SCF (0.82), while the lowest were between RH-C and SCF (0.19), SV-TF and
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Figure 3. Average taxonomic distinctness (A+) and its variance (A+) by land cover/use type of A amphibians and B rep-
tiles in a heterogeneous landscape at west-central Mexico.

RH-TF (0.26), and RH-TF and TDF (0.35). The comparisons with the highest
turnover were between SV-TF and C (0.69), SV-TF and SCF (0.81), RH-TF and
SCF, and SV-TF and HPTDF (0.77 respectively) (Fig. 4B). In these comparisons
the component with the greatest contribution to differentiation was differenc-
es in richness in POF and RH-TDF (0.77), POF and RH-C (0.86), and POF and
HPTDF (0.73). Some of the comparisons consisted only in the replacement
component, like HPTDF and SCF (0.60), SV-TF and C (0.69), and OF and TDF
(0.50). Likewise, RH-C and SCF (0.19), POF and OF (0.33), POF-SV-TF (0.52),
and POF and RH-TDF (0.77) were only represented by differences in richness.
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Figure 4. Taxonomic beta diversity of amphibians and reptiles considering the turnover (8.3) and differences in richness
(Brich) components by land cover/use types A total and B paired beta diversity of amphibians; and C total and D paired
beta diversity of reptiles. Codes: sugar cane field (SCF), riparian habitat surrounded by crops (RH-C), cornfield (C), highly
perturbated tropical dry forest (HPTDF), tropical dry forest (TDF), riparian habitat surrounded by tropical forest (RH-TDF),
riparian habitat surrounded temperate forest (RH-TF), secondary vegetation surrounded by temperate forest (SV-TF), oak
forest (OF) and pine-oak forest (POF).
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In relation to land cover/use types taxonomic beta diversity among reptiles
was highest when comparing RH-TF and C (0.17), RH-TF and RH-C (0.54), and
POF-C (0.11). The comparisons with the lowest values were POF-OF (0.21),
HPTDF and RH-C (0.10), RH-TDF and TDF (0.20). The comparisons with the
highest contribution of turnover component were between POF-C (0.11), RH-TF
and C (0.17), and POF-SCF (0.05) comparisons, and for differences in richness
component were between SV-TF and RH-TF (0.63), RH-TF and RH-C (0.54), and
RH-TF-TDF (0.52). Similarly to amphibians, the comparison between POF-OF
(0.21) was uniquely represented by differences in richness (Fig. 4D).
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Amphibian checklist and geographic expansion distributions

During nine years of observations, we recorded 20 species of amphibians be-
longing to 14 genera, nine families, and one order. The families with the highest
species richness were Hylidae (seven species), Craugastoridae (three species)
and Ranidae (three species). Ten of these species are endemic and under some
protection category. Four species are under the Special Protection category,
and one is under the Threatened category (SEMARNAT 2019). IUCN threat cat-
egories included two species that are considered Endangered and one, Vulner-
able (UICN 2024). With respect to the Environmental Vulnerability Score (EVS),
ten species are classified under low (L) vulnerability, seven species under medi-
um (M), and one under high (H) vulnerability categories (Table 1).

We documented extensions in the known distribution range of Sarcohyla hap-
sa (Suppl.material 1: fig. STA). Sarcohyla hapsa is endemic to western Mexico
(Campbell et al. 2018). It was observed in September 2011 in the RH-TF at 1842
m a.s.l. (20°38,58'N, 104°3,14'W). This species was recently split from the wide-
spread Mexican hylid Sarcohyla bistincta (Campbell et al. 2018). This extends
the known distribution by 38 km from its closest record, base La Ciénega, Sierra
de Quila (Rosas-Espinoza et al. 2013; GBIF 2023a) (Suppl.material 1: fig. S2).

Reptile checklist and geographic expansion distributions

We recorded 48 species of reptiles belonging to 34 genera, 17 families, and
two orders (Table 1). The families with the highest species richness were Col-
ubridae (11 species), Phrynosomatidae (eight species), Dipsadidae (seven
species) and Natricidae (five species). More than half of these species are en-
demic to Mexico (62.5%). All the species are native to Mexico except Hemi-
dactylus frenatus and Indotyphlops braminus, which are native to the Eastern
Hemisphere. According to the Mexican species protection list, 21 species are
in a category of risk, of which 13 are under Special protection and eight are
Threatened (SEMARNAT 2019). IUCN threat categories classify two species as
Endangered, one as Vulnerable, and two as Near Threatened (UICN 2024). Ac-
cording to the EVS (Wilson et al. 2013a), 12 species are under low (L) vulnera-
bility, 18 species under medium (M), and 14 are below the high (H) vulnerability
categories (Table 1).

We documented extensions in the known distribution range of three species
of reptiles. Lampropeltis ruthveni was observed in September 2011 in SV-TF
(20°40'01"N, 103°52'23"W) (Suppl.material 1: fig. S1B). There are a few records
of this species in the Trans-Mexican Volcanic Belt. Its distribution is extended
by at least 44 km from its closest known record near Sierra de Quila, Jalisco
(GBIF 2023b) (Suppl.material 1: fig. S3A).

Thamnophis copei is endemic to Mexico (Suppl.material 1: fig. S1C). It was
observed in September 2012 at HPTDF (20°41,52'N, 103°49,35'W). This ex-
tends the known distribution range of the species by 39 km from La Quemada,
Jalisco (GBIF 2023c) (Suppl.material 1: fig. S3B).

Imantodes gemmistratus was observed in September 2012 in HPTDF
(20°41°,41"N, 103°50'33"W) (Suppl.material 1: fig. S1D). This extends its known
distribution by 36 km from 2.3 km presa El Texcalame, (GBIF 2023d) (Suppl.
material 1: fig. S3C).
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Discussion

We achieved high sampling efforts for both amphibians and reptiles at all sites,
so the samples can be considered representative of both groups. Support for
this assessment comes also from having recorded the same number of spe-
cies of amphibians in another seven years of non-systematic surveys and spe-
cies observations within the study area. In contrast, the number of species of
reptiles increased from 39 to 48 species, the earlier systematic survey (August
2011 to September 2013) detected 81% of the reptile species present there.

Alpha taxonomic diversity

Monitoring taxonomic diversity has been proposed as a tool to develop eco-
system management plans, ecological restoration projects, and the creation of
protected areas (Somerfield et al. 2008), and guide conservation strategies in
areas where biodiversity loss is occurring at an accelerated rate (Herndndez-Sa-
linas et al. 2023). In the present work, we obtained sound estimates of the alpha
taxonomic diversity of amphibians and reptiles in the different land cover/use
types. This may have been helped by the fact that the study area consists of a
heterogeneous landscape with different land cover types with temperate and
tropical native vegetation. Although, the HPTDF had a high level of disturbance,
it is known that secondary TDF in human-dominated landscapes can support
substantial amphibian diversity (Suazo-Ortufio et al. 2015). Moreover, animals
can move between patches with native vegetation and crops to seek shelter
(when there is vegetation cover), food, or to reproduce (during the rainy sea-
son). Iglesias-Carrasco et al. (2023) reported that monocultures and poly-spe-
cific plantations affect the conservation and ecological value of these habitats
to both amphibian and reptile communities detrimentally and alter the evolu-
tionary processes shaping these communities. In contrast, forests with lower
impact disturbances can, to some extent, serve as reservoirs of species. Anoth-
er important factor to consider is the resilience of species to disturbance, since
some species populations do not seem to be affected as markedly as others.
Only the RH-C (five species) had higher taxonomic distinctiveness of amphibi-
ans than expected from the model. RH-TDF (ten species) and SCF (four species)
had the highest alpha taxonomy diversity within the model. TDF did not have
the highest alpha taxonomic richness against what we expected, even though
it is recognized as a neotropical ecosystem with an important amphibian rich-
ness (23% of Mexican amphibians) (Ceballos and Garcia 1995). Suazo-Ortufio
et al. (2011) and Alvarez-Grzybowska et al. (2020) reported that TDF in western
Mexico sheltered a high amphibian richness but only during the rainy season.
Hromada et al. (2021) highlighted the importance of water for amphibians. Even
when water quality was reduced, they found that amphibian diversity was higher
in ponds surrounded by low-intensity agricultural areas influenced by the sur-
rounding forest and pasture. Our alpha taxonomic results for amphibians are
consistent with the observation that amphibians are highly associated with wa-
ter (Wells 2007). Additionally, it has been reported that diversity is higher in trop-
ical ecosystems compared to temperate ones. The high taxonomic diversity in
the SCF may be assisted by its proximity to the RH-TDF and the fact that amphib-
ians can move between land cover/use types, especially during the rainy season.
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Almost all the land cover/use types used by reptiles had a higher alpha tax-
onomic distinctiveness than the average within the model. These results sug-
gest that reptiles can maintain high alpha taxonomic diversity even in hetero-
geneous landscapes. SCF (nine species), RH-C (14 species), and RH-TF (seven
species) had the highest alpha taxonomic diversity within the model, and RH-
TDF (eight species) and HPTDF medium ones (24 species). Agricultural sys-
tems can vary greatly in structure; uniform agroecosystems like monocultures
exhibit shallow levels of biodiversity (Altieri and Nicholls 2004), while more
complex agroecosystems shelter high biodiversity (Isbell et al. 2017). Howev-
er, in a landscape context, certain cultivated areas can function as buffer zones
at natural edges (Gascon et al. 2004) or as corridors between native habitat
fragments (Garcia et al. 2006). SCF had high alpha taxonomic diversity proba-
bly because this crop provides continuous cover for years (approximately six
years) and shelters a high population of rodents and other prey such as lizards,
frogs, and toads that can serve as food for snakes. RH-C, RH-TF, and RH-TDF
also provided habitat, water, and food availability for different species. It has
been reported that TDF shelters 34% of Mexican reptiles (Ceballos and Garcia
1995), and even secondary TDF harbors high reptile’ diversity (Suazo-Ortufio et
al. 2015), as we found in HPTDF.

Beta taxonomic diversity

Factors that contribute to different components of beta diversity in amphibians and
reptiles include the physiological limits of the species (Brich) and speciation pro-
cesses (B.3), especially in taxa with low mobility (Baselga et al. 2012). The hetero-
geneous mosaic arrangement with patches of arable areas, forest remnants, and
the temperate-tropical configuration in the study area helps explain high beta di-
versity values for both groups (Ceballos and Garcia 1995; Baselga 2010). Addition-
ally, elevation has been considered a strong promoter of beta taxonomic diversity
because it promotes contrasting characteristics within the gradient of vegetation
types that change with elevation (Baselga et al. 2012; Ochoa-Ochoa et al. 2014).

For the region evaluated, the turnover component (3.3) contributed the most
to taxonomic differentiation because of the configuration with abrupt changes
in patches mentioned earlier. Because of the narrow distribution ranges of am-
phibians and reptiles, this is consistent with previous work (Baselga et al. 2012;
Ochoa-Ochoa et al. 2014; Rodriguez et al. 2019). However, it has been observed
that differences in richness component (Brich) can be major in groups with low
mobility not only with respect to nesting, but also gain or loss of species among
the sites evaluated (Carvalho et al. 2012; Calderén-Patrén et al. 2016), as was
the case with amphibians where both components contributed almost equally
to diversity of taxonomic differentiation.

Taxonomic beta diversity can also be expected to differ between groups with
different evolutionary histories; notably, it has been reported that amphibians
show higher taxonomic beta diversity due to dispersal limitations and their de-
pendence on water bodies (Ochoa-Ochoa et al. 2014; Calderén-Patrén et al.
2016). However, we observed the opposite pattern, with reptiles showing the
highest taxonomic beta diversity of the two groups. This could be due to the
study area being a highly heterogeneous region with disturbed areas promoting
greater spatial differentiation for reptiles.
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The relationship between alpha and beta taxonomic diversity remains poorly
understood (Ochoa-Ochoa et al. 2014). In the present study, the reptiles had the
highest species richness and beta diversity. However, amphibians showed the
highest average taxonomic distinctiveness (at the 90% level) because of the in-
clusion of members of different orders and families. In contrast, the supra-spe-
cific levels of reptiles differed at a 70% level at the genus and family level.

Although paired comparisons between the two groups reveal differences in beta
diversity, we also documented common responses. In amphibians, the highest
beta diversity occurred between conserved (POF, TDF) and disturbed (SCF, RHC)
habitats. This reflects a high sensitivity to local disturbance, especially considering
that this group was strongly influenced by the differences in richness component
of beta diversity, as in the case of the comparison of POF with RH-C (one of the
comparisons with the highest beta diversity). This indicates that despite shared
taxa, supra-specific levels are aggregated to cause differences in richness between
the paired comparisons. In the same way, in reptiles, we found that the compari-
sons with the highest beta diversity occurred between conserved (RH-TF, POF) and
disturbed (C, RH-C) habitats, showing a consistent pattern with a predominance of
the turnover component. This resulted from changes in the taxa set between these
habitats. These results suggest that disturbance could become more important
for taxonomic beta diversity of amphibians and reptiles than temperate vs. tropical
conditions, given its high potential to threaten species and populations, acting more
aggressively than the evolutionary history of species (Ochoa-Ochoa et al. 2014).

Amphibians and Reptiles checklist and geographic range extensions

Our work found that the study area shelters 40.4% and 28.1% of Jalisco’s state
amphibians (52 species) and reptiles (171 species), respectively (Cruz-Saenz et
al. 2017). This finding highlights the region’s significance for conserving amphib-
ians and reptiles. The 68 species (20 and 48 amphibians and reptiles, respective-
ly) observed in this study were higher than in nearby natural areas with similar
land cover types, for example La Primavera Forest (with the presence of POF, OF,
RH, and TDF) with 56 species (17 amphibians and 39 reptiles) (Reyna-Bustos et
al. 2007) and Tequila Volcano (pine forest, POF, OF, RH, TDF, Mountain cloud for-
est, grassland) with 32 species (10 amphibians and 22 reptiles) (Rojo-Guti érrez
et al. 2022). Conversely, the species richness was comparable to that of Sierra
de Quila (oak pine forest, OF, RH, and TDF), with 69 species (23 amphibians and
46 reptiles) (Santiago-Pérez et al. 2012). Salcido-Rodriguez et al. (2023) report-
ed 18 amphibians and 47 reptile species (65 species total) for Sierra de Tesistan
with land cover types POF, OF, and secondary vegetation in the ecotone between
OF and TDF. Finally, Flores-Covarrubias et al. (2012) reported 20 amphibians and
40 reptiles (61 species) for the TDF, Thorn scrub, OF, POF, grassland, secondary
vegetation, and agricultural lands in Hostotipaquillo. The diversity of amphibians
and reptiles observed in this study underlines the richness of the herpetofauna
in the area, even though it is a heterogeneous landscape with crops.

Many of the recorded species (56.5%) in this heterogeneous landscape are
endemic to Mexico. This was true for more than half of the species of reptiles,
highlighting the area'’s role in conserving existing native biodiversity. This could
be due to its geographical position and the influence of the Trans-Mexican
Volcanic Belt which, through the complexity of the landscape, promotes pro-
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cesses of speciation and endemism and is considered one of the most diverse
zones in the country (Flores-Villela 1993). We observed two exotic species in
the study area: the snake I. braminus and the lizard H. frenatus. According to
CONABIO (2020), exotic species are Mexico's third most significant threat to
biodiversity. The dangers associated with their presence in the study area re-
main unknown (Farr 2011). Also, according to NOM-059 (2019), IUCN (2024)
and Wilson (2013a, 2013b), 73% of the species (11 amphibians and 39 reptiles)
are under some protection status, highlighting the importance of the existing
matrix of different habitats (especially different native vegetation types) to
shelter endemic amphibians and reptiles or those with conservation concerns.
Knowing the local distribution of species is essential to monitor and manage
local wildlife (Pisanty et al. 2016) as well as the first step in biodiversity conser-
vation. In this study, we found species with a wide distribution in Mexico (e.g., A.
nebulosus, Pituophis deppei, and Kinosternon integrum) or in west-central Mexico
(e.g., Phyllodactylus lanei, Sceloporus dugesii, and Sonora mutabilis), as well as
others with very restricted ones, like S. hapsa, L. ruthveni, and T. copei. Extensions
in the distribution range of one amphibian and three reptile species shows that
Mexico's west-central region has not been studied enough towards the mountain
areas within the Trans-Mexican Volcanic Belt and the Sierra Madre Occidental.

Conclusions

We found that the amphibian and reptile taxonomic diversity in the studied
landscape results from i) remnants of native vegetation, even with some level
of disturbance, ii) the existence of a heterogeneous matrix with different land
cover/use types, albeit with a higher number of land cover types, iii) availability
of water during the whole year in some of the land cover types, iv) connectivi-
ty between areas allowing the animals to move between different land cover/
use types. Finally, the proximity of the study area to mountainous areas like
La Primavera or Tequila Volcano is probably another factor to consider. These
mountains are natural areas that harbor wildlife and that might act as species
pools that could disperse to the study area.

Recommendations

Knowing the distribution of species at different spatial scales, having complete
checklists, and analyzing diversity in its various facets at both alpha and beta lev-
els are essentials for species management and conservation. Variation in alpha
and beta taxonomic diversity presents a challenge for conservation strategies and
management plans as they need to consider differences between sites. It is vital
to consider endemic species, particularly those under conservation categories or
those associated with native vegetation cover types with low disturbance, so man-
agement practices can encourage their presence and abundance. In this sense,
preserving remaining natural forests and those with different levels of disturbance
is necessary for conserving amphibian and reptile communities. Moreover, this
study highlights the need for specific conservation strategies and recommenda-
tions to be integrated into broader landscape-level conservation planning. Now-
adays, the great rate of land cover changes highlights the need to promote the
existence of a connected heterogeneous landscape with different land cover/use
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types, thus enhancing the ability to conserve amphibians and reptiles. The other
patches can offer shelter, water, and food permanently or temporarily. Even more,
encouraging the connection among different land cover/use types will ensure that
amphibians and reptiles can move between patches of this matrix.
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Supplementary material 1
Supplementary information

Authors: Verénica Carolina Rosas-Espinoza, Eliza AIvarez-Grzybowska, Arquimedes
Alfredo Godoy Gonzalez, Ana Luisa Santiago-Pérez, Karen Elizabeth Pefia-Joya,
Fabian Alejandro Rodriguez-Zaragoza, Leopoldo Diaz Pérez, Francisco Martin Huerta
Martinez

Data type: docx

Explanation note: table S1. Sample-based rarefaction curves generated using pres-
ence-absence data for both amphibians and reptiles. We report observed and ex-
pected species by land cover/use type using non-parametric estimators. Codes:
sugar cane field (SCF), riparian habitat surrounded by crops (RH-C), cornfield (C),
highly perturbated tropical dry forest (HPTDF), tropical dry forest (TDF), riparian hab-
itat surrounded by tropical forest (RH-TDF), riparian habitat surrounded temperate
forest (RH-TF), secondary vegetation surrounded by temperate forest (SV-TF), oak
forest (OF), pine-oak forest (POF) and number of species observed (Sobs). fig. S1.
Species with the documented range extensions. A Sarcohyla hapsa B Lampropeltis
ruthveni C Thamnophis copei D Imantodes gemmistratus in a heterogeneous land-
scape in west-central Mexico. All photos by Eliza Alvarez-Grzybowska, except B) by
Aldo Davalos Martinez. fig. S2. Records of Sarchohyla hapsa in Jalisco state (black
triangles, GBIF 2023a). The red star shows our record of range extension for S. hapsa.
fig. S3. Records of A Lampropeltis ruthveni B Thamnophis copei, and C Imantodes
gemmistratus in Jalisco state (black triangles, GBIF 2023). The red stars show our re-
cords of range extension for these different species. The colored areas are published
distributions (IUCN 2024).

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1211.122565.suppl1
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Abstract

The genus Salicarus Kerzhner, 1962 is revised, with differential diagnoses and redescrip-
tions provided for nine species. Three distinct species groups were recognized within
the genus: S. nitidus group (S. cavinotum, S. genistae, S. nitidus, S. perpusillus), S. roseri
group (S. concinnus, S. roseri, S. urnammu), and S. fulvicornis group (S. halimodendri,
S. fulvicornis). A key to species, illustrations of dorsal habitus, male and female genita-
lia, and selected diagnostic structures are included. Additionally, available host informa-
tion and distributional records are summarized. Phoenicocoris giliananus Zheng, 1996
is synonymized with Salicarus halimodendri V. G. Putshkov, 1977.

Key words: Distribution, hosts, new synonymy, Palearctic, phylogeny, taxonomy

Introduction

Salicarus Kerzhner, 1962 belongs to the subfamily Phylinae of the hyperdiverse
family Miridae, or plant bugs, the second largest family of insects with incomplete
metamorphosis (Cassis et al. 2007). Phylines are, in turn, the second largest sub-
family of plant bugs, predominantly host specific, with many taxa still lacking ade-
quate diagnoses. The genus has a convoluted taxonomic history, with most species
now treated within Salicarus being previously placed in several different genera.
Kerzhner (1962) erected the genus Salicarus for the single species, S. roseri (Her-
rich-Schaeffer, 1839), in an effort to create monophyletic groupings within the wide
array of species previously assigned to Sthenarus Fieber, 1858. Wagner (1975a)
considered Salicarus (incorrectly spelt Salicarius) as a subgenus within Sthenarus
but included a wide assemblage of species, all of which except the type species
were subsequently transferred to Campylomma Reuter, 1878 (Kerzhner and Mato-
cq 1997; Konstantinov 2023) or Psallus Fieber, 1858 (Wagner 1975b). Putshkov
(1977) described two new species of Salicarus and updated the concept of the
genus without commenting on the Mediterranean species. Stonedahl (1990) and
Schwartz and Stonedahl (2004) published revisions of the genera Atractotomus
Fieber, 1858 and Phoenicocoris Reuter, 1875, respectively, providing important in-
sights into the taxonomy of these and related genera, including Salicarus and Het-
erocapillus Wagner, 1960. The latter genus was considered non-monophyletic and
consisting of several unrelated groups of species (Stonedahl 1990; Konstantinov
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2008). Konstantinov (2023) performed a morphology-based phylogenetic analysis
of the group in question, showing the low taxonomic utility of many characters of
external morphology traditionally used in the generic taxonomy of these genera.
He updated the diagnosis and species composition of Salicarus, particularly by
transferring to it four species previously assigned to Heterocapillus.

The present paper serves as a supplement to the mentioned revision by Kon-
stantinov (2023) and aims to summarize current knowledge about Salicarus,
including species delimitation, distributional ranges, and host plant associa-
tions. Consequently, a key to all nine species and standardized species rede-
scriptions with detailed illustrations are provided.

Materials and methods
Microscopy, illustrations, and terminology

Observations, measurements, and habitus images were made using a Zeiss
Stemi 508 stereomicroscope equipped with a Canon EOS 2000D digital SLR
camera. Partially focused images of each specimen or structure were stacked
using Helicon Focus software. Images of the selected structures, including
male and female genitalia, were taken with a Keyence VHX-500F digital micro-
scope at the University of Hamburg. lllustrated structures were macerated in
potassium hydroxide, cleared in distilled water, and then transferred to glycerin
jelly for proper orientation. Scanning electron micrographs of selected struc-
tures were taken using a Quanta 250 scanning electron microscope.

Unless otherwise stated, all measurements are in millimeters. Measure-
ments shown in Table 1 include body length, clypeus to apex of cuneus length,
width of head, interocular distance, length of antennal segments | and Il, and
pronotum length and width. The morphological terminology follows Schuh and
Weirauch (2020), except for genitalia, which follows Konstantinov (2003, 2019)
for males and Schwartz (2011) for females.

Specimens and collections

The material examined for this study is retained in the following collections:

HNHM  Hungarian Natural History Museum, Budapest (Andras Orosz);
NMWC National Museum of Wales, Cardiff (Mike Wilson);

SNSB Zoologische Staatssammlung Miinchen (Tanja Kothe);
UGNHM Natural History Museum of the University of Guilan, Rasht;

ZISP Zoological Institute, Russian Academy of Sciences, St. Petersburg;
ZMUH  Zoological Museum, University of Hamburg (Frank Wieland, Martin
Husemann).

Bar code labels, uniquely identifying each specimen, were attached to all ex-
amined specimens listed in the “Material examined” sections. Further informa-
tion, such as additional photographs of habitus and genitalia structures, geo-
referenced coordinates, specimens dissected, notes, and collecting methods,
can be obtained from the Heteroptera Species Pages (http://research.amnh.
org/pbi/heteropteraspeciespage/), which assembles available data from a
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Table 1. Measurements (mm). Abbreviations. Cun-Clyp — distance between apex of clypeus and apex of corium in dor-
sal view, Head Length - distance between apex oSf clypeus and the highest point of vertex, AntSeg1, AntSeg2 - length
of antennal segments | and Il, InterOcDi — width of vertex between inner margins of eyes in dorsal view.

Species

Salicarus cavinotum
33 (n=5) Mean
SD
Range
Min
Max
29 (n=5) Mean
SD
Range
Min
Max
Salicarus concinnus
33 (n=5) Mean
SD
Range
Min
Max
22 (n=5) Mean
SD
Range
Min
Max
Salicarus fulvicornis
33 (n=5) Mean
SD
Range
Min
Max
22 (n=5) Mean
SD
Range
Min
Max
Salicarus genistae
43 (n=5) Mean
SD
Range
Min
Max
22 (n=5) Mean
SD
Range
Min
Max
Salicarus halimodendri
dd (n=5) Mean
SD
Range
Min
Max

Body

2.16
0.25
0.60
2.00
2.60
2.15
0.09
0.23
2.05
2.28

3.21
0.33
0.75
2.95
3.70
3.24
0.18
0.45
3.00
3.45

3.82
0.10
0.25
3.70
3.95
3.29
0.14
0.35
3.15
3.50

2.36
0.11
0.28
2.20
2.48
2.72
0.09
0.20
2.60
2.80

3.71
0.17
0.33
3.55
3.88

Cun-Clyp

1.86
0.27
0.70
1.60
2.30
1.91
0.08
0.22
1.83
2.04

2.78
0.21
0.50
2.63
3.13
2.79
0.11
0.25
2.70
2.95

3.08
0.07
0.15
3.00
3.15
2.82
0.10
0.25
2.70
2.95

2.10
0.08
0.22
2.00
222
2.43
0.10
0.24
2.30
2.54

3.11
0.11
0.25
2.95
3.20

Length
Pronotum

0.37
0.03
0.06
0.34
0.40
0.39
0.03
0.09
0.35
0.44

0.62
0.03
0.08
0.58
0.65
0.59
0.06
0.15
0.53
0.68

0.57
0.05
0.10
0.53
0.63
0.53
0.02
0.05
0.50
0.55

0.46
0.02
0.04
0.44
0.48
0.49
0.01
0.03
0.47
0.50

0.57
0.05
0.10
0.50
0.60
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Tibia3

0.98
0.05
0.14
0.90
1.04
1.02
0.07
0.15
0.95
1.10

1.51
0.04
0.13
1.45
1.58
1.56
0.11
0.20
1.45
1.65

1.54
0.06
0.18
1.45
1.63
1.41
0.01
0.03
1.40
1.43

1.18
0.03
0.06
1.14
1.20
1.27
0.03
0.08
1.22
1.30

1.42
0.02
0.05
1.40
1.45

AntSeg2

0.49
0.03
0.07
0.46
0.53
0.49
0.03
0.07
0.45
0.52

0.71
0.04
0.10
0.65
0.75
0.71
0.09
0.20
0.65
0.85

0.85
0.05
0.10
0.80
0.90
0.73
0.05
0.10
0.68
0.78

0.58
0.02
0.04
0.56
0.60
0.59
0.03
0.08
0.54
0.62

0.78
0.02
0.05
0.75
0.80

Head

0.65
0.03
0.07
0.61
0.68
0.68
0.03
0.06
0.65
0.71

0.80
0.02
0.05
0.78
0.83
0.81
0.03
0.06
0.79
0.85

0.80
0.02
0.05
0.78
0.83
0.84
0.02
0.04
0.83
0.86

0.75
0.02
0.05
0.72
0.77
0.79
0.02
0.05
0.76
0.81

0.89
0.03
0.05
0.85
0.90

Width
InterOcDi

0.36
0.02
0.05
0.34
0.39
0.40
0.01
0.04
0.38
0.41

0.42
0.01
0.01
0.41
0.43
0.44
0.01
0.03
0.43
0.45

0.40
0.00
0.00
0.40
0.40
0.45
0.02
0.05
0.43
0.48

0.39
0.01
0.02
0.38
0.40
0.43
0.01
0.02
0.42
0.44

0.45
0.02
0.05
0.43
0.48

Pronotum

0.83
0.05
0.10
0.78
0.88
0.89
0.04
0.09
0.85
0.94

1.25
0.07
0.18
1.18
1.35
1.25
0.09
0.23
1.15
1.38

1.20
0.12
0.30
1.00
1.30
1.18
0.05
0.13
1.13
1.25

1.04
0.01
0.04
1.02
1.06
1.06
0.03
0.06
1.04
1.10

1.32
0.05
0.13
1.25
1.38
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) Length Width
Species Body Cun—-Clyp = Pronotum Tibia3 AntSeg2 Head InterOcDi | Pronotum

Q9 (n=5) Mean 3.34 2.96 0.58 1.41 0.69 0.92 0.49 1.36
SD 0.15 0.12 0.02 0.03 0.03 0.03 0.01 0.03
Range 0.35 0.33 0.05 0.08 0.08 0.08 0.03 0.08
Min 3.13 2.83 0.55 1.38 0.65 0.88 0.48 1.33
Max 3.48 3.15 0.60 1.45 0.73 0.95 0.50 1.40

Salicarus nitidus

33 (n=2) Min 2.30 2.00 0.40 1.06 0.52 0.74 0.40 0.94
Max 2.60 2.28 0.46 1.22 0.53 0.75 0.42 0.96

29 (n=2) Min 2.18 1.98 0.42 1.07 0.56 0.70 0.40 0.96
Max 2.40 2.16 0.44 1.14 0.57 0.74 0.40 0.98

Salicarus perpusillus

33 (n=3) Mean 2.24 1.88 0.40 1.09 0.50 0.69 0.38 0.87
Min 214 1.84 0.38 1.02 0.49 0.66 0.37 0.84
Max 2.37 1.95 0.41 1.14 0.52 0.71 0.39 0.88

Q9 (n=5) Mean 2.27 1.97 0.42 1.04 0.53 0.70 0.39 0.90
SD 0.11 0.14 0.02 0.02 0.01 0.03 0.01 0.03
Range 0.24 0.33 0.04 0.04 0.03 0.07 0.02 0.07
Min 2.16 1.83 0.40 1.02 0.51 0.66 0.38 0.86
Max 2.40 2.16 0.44 1.06 0.54 0.73 0.40 0.93

Salicarus roseri

33 (n=5) Mean 3.80 3.31 0.68 1.65 0.74 0.86 0.41 1.40
SD 0.16 0.20 0.02 0.10 0.04 0.03 0.02 0.06
Range 0.38 0.50 0.05 0.25 0.10 0.08 0.05 0.15
Min 3.58 3.13 0.65 1.58 0.68 0.83 0.39 1.33
Max 3.95 3.63 0.70 1.83 0.78 0.90 0.44 1.48

Q9 (n=5) Mean 3.76 3.25 0.67 1.61 0.71 0.89 0.41 1.42
SD 0.22 0.21 0.06 0.07 0.07 0.02 0.05 0.07
Range 0.55 0.50 0.15 0.20 0.18 0.05 0.13 0.18
Min 3.38 2.88 0.58 1.50 0.60 0.85 0.33 1.30
Max 3.93 3.38 0.73 1.70 0.78 0.90 0.45 1.48

Salicarus urnammu

43 (n=3) Mean 3.61 3.04 0.67 1.53 0.73 0.85 0.43 1.28
Min 3.45 2.88 0.63 1.50 0.70 0.83 0.43 1.25
Max 3.75 3.20 0.73 1.55 0.75 0.89 0.43 1.35

P9 (n=3) Mean 3.34 2.94 0.63 1.48 0.66 0.85 0.43 1.29
Min 3.20 2.83 0.60 1.45 0.60 0.83 0.40 1.25
Max 3.45 3.08 0.65 1.53 0.70 0.88 0.45 1.38

specimen database (Konstantinov and Namyatova 2019). Refer to Suppl. mate-
rial 1 for unique specimen identifiers of illustrated specimens. Original locality
data are given in square brackets if it differs from currently existing toponyms.

Taxonomic account

Salicarus Kerzhner, 1962

Salicarus Kerzhner, 1962: 381. Type species by original designation: Capsus
roseri Herrich-Schaeffer, 1838.

Salicarus: Putshkov (1977): 365 (revision); Kerzhner (1964): 996 (key, figures).

Salicarius [sic!]: Wagner (1975a): 99 (key, descriptions, figures).

Diagnosis. Body broadly oval, with short appendages (Figs 1-3); head verti-
cal, clypeus barely visible in dorsal view, posterior margin of vertex attenuate,
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covering anterior margin of pronotum (Figs 4, 5, 6E); dorsum and/or thoracic
pleura clothed with scale-like setae and simple setae (Figs 4, 5, 6C); parem-
podium apically spatulate; pulvillum small, not reaching midpoint of claw
(Fig. 6A, D); vesica large, strongly coiled at middle, apically with two long and
thin, gradually tapering blades tightly fused along almost entire length (Figs
7A-D, 8), or slightly dilate apically (Fig. 7G-J); secondary gonopore large, lo-
cated close to middle of vesica, equipped with gonopore sclerite; vestibulum of
bursa copulatrix S-shaped, contrastingly long and thin (Fig. 10). Refer to Kon-
stantinov (2023) for additional discussion.

Redescription. Male. Coloration. Dorsum and venter uniformly chestnut to
dark brown with whitish antennal segments lll and IV in S. nitidus species group
(Fig. 3E-L), in other species ranging from uniformly dark brown to pale yellow,
often exhibiting significant polymorphism within a species (Figs 1, 2).

Surface and vestiture. Dorsum shiny to moderately shiny, head and pronotum
usually smooth, scutellum and hemelytron weakly rugose. Vestiture composed
of dense simple setae intermixed with one of two types of scale-like setae: wide,
apically serrate, densely covering dorsum, thoracic pleura, abdomen, and some-
times appendages (S. nitidus species group, Fig. 5) or narrow, apically acumi-
nate, always located on thoracic pleura and usually also on dorsum or hemely-
tron only (other species, Figs 4, 6C). Thoracic pleurites devoid of simple setae
and densely clothed exclusively with scale-like setae located above metatho-
racic scent gland evaporatory area, with no vestiture in ventral half (Fig. 6E).
Simple setae usually adpressed, sometimes semierect, ranging from as long
as to almost twice as long as scale-like setae; in addition, in S. nitidus species
group, pronotum laterally and hemelytron proximally with robust, dark, contrast-
ingly long, erect to semierect bristle-like simple setae. Appendages with simple,
adpressed to semierect, usually pale setae; antennal segments | and Il in S.
nitidus species group with contrastingly dense, dark and robust simple setae
(Fig. 5); head and fore coxa ventrally with contrastingly long simple silver setae;
pronotum with a pair of black erect bristle-like setae at anterior corners; femora
with several similar black setae dorso-apically; tibial spines dark brown to black.

Structure. Body elongate-oval to oval, total length 2.0—4.0. Head: Flattened and
strongly sloping, barely protruding beyond anterior margin of eyes (Figs 4, 5, 6E);
eyes occupying almost entire height of head in lateral view, posterolateral mar-
gins of eyes contiguous with anterolateral margins of pronotum; vertex flat, with
attenuate posterior margin covering anterior margin of pronotum, frons vertical,
clypeus not visible or barely visible in dorsal view; antenna inserted near ven-
tral margin of eye; segment | either short, swollen, widest at apex, about twice
as long as width at apex (S. nitidus species group, Fig. 5), or cylindrical, thin
(other species, Fig. 4); segment Il shorter than head width, in S. nitidus species
group swollen along entire length, usually distinctly fusiform, in other species
rod-shaped, slightly dilated distally; segments Ill and IV filiform; labium reach-
ing meso- or metacoxa. Thorax: Pronotum trapezoidal, about twice as broad
as long, calli indistinct; mesonotum only slightly exposed; metathoracic scent
gland evaporatory area broadly triangular, peritreme oval, broadly rounded api-
cally. Metathoracic spiracle with well-developed sculpture dorsally (Fig. 6E, F).
Cuneal fracture deeply incised at base. Legs: Comparatively short, femora swol-
len, broader medially, tibia cylindrical, second and third tarsal segments of near-
ly equal length, claw (Fig. 6A, B) with relatively narrow base, strongly bent at
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Figure 1. Dorsal habitus A—C & paratype of Salicarus concinnus D—F @ paratype of S. concinnus G, H @ S. fulvicornis
1 & S. fulvicornis.
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1 mm

Figure 2. Dorsal habitus A & Salicarus halimodendri B—=D ¢ S. halimodendriF, G & S. roseriH, 1 Q S. roseri.
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midpoint, pulvillus small, not reaching or barely reaching midpoint of claw, at-
tached to the claw along entire length; parempodia apically spatulate.

Genitalia. Genital capsule cone-shaped, without distinctive ornamentation,
as long as or slightly longer than wide at base. Sclerotized apical part of phal-
lotheca narrow, beak-shaped, somewhat constricted at base (Fig. 9C, F, I, L, O,
R, U). Right paramere oval to elongate-oval, usually basally broadly rounded,
and well expanded proximally beyond basal process, with contrastingly long,
straight, apical process (Fig. 9A, D, G, J, M, P, S). Left paramere of typical phyline
shape, with straight apical process and triangular, sensory lobe (Fig. 9B, E, H, K,
N, Q, T). Vesica large, strongly coiled at middle, with two long and thin, gradually
tapering apical blades tightly fused along most length; secondary gonopore
large, located close to middle of vesica, with small gonopore sclerite (Figs 7, 8).

Female. Coloration, surface, and vestiture. As in male. Structure. Similar to
male, usually smaller on average (Table 1). Antennal segment Il in S. nitidus spe-
cies group somewhat shorter and more strongly swollen, distinctly fusiform.

Genitalia. Dorsal labiate plate with large and wide, broadly oval or apically
tapering sclerotized rings (Fig. 10A-C, G). Posterior wall membranous, with
indistinctly bordered longitudinal sclerotized bands at sides (Fig. 10D, F). Scler-
ites encircling vulva triangular, symmetrical (Fig. 10 E, H). Vestibulum charac-
teristically long and thin, S-shaped (Fig. 10B, E, H).

Species groups. Three distinct groups of species can be recognized within
Salicarus, and the species treatments below are arranged alphabetically within
each group:

Salicarus nitidus species group. This group includes S. cavinotum, S. genis-
tae, S. nitidus, and S. perpusillus. Species in this group are characterized by their
uniformly dark color, dorsum densely covered with wide, apically serrate scale-
like setae (scales type 2 sensu Stonedahl 1990), small size with a stumpy body,
and total length ranging from 2.0 to 2.8. They have strongly swollen antennal
segments | and I, with segment |l distinctly fusiform. Species of this group
have a Euro-Mediterranean distribution and utilize legumes (Fabaceae) of the
tribe Genisteae (Genista, Calicotome, Echinospartum) as hosts.

Salicarus roseri species group. This group includes S. concinnus, S. roseri,
and S. urnammu. Species in this group are characterized by their highly variable
color pattern, relatively large, oval body with a total length of 3.0-4.0. The dor-
sum vestiture consists of short, adpressed simple setae, while narrow, apically
acuminate scale-like setae (scales type 1 sensu Stonedahl 1990) are scarce and
limited to the hemelytron (if present). The vesica in these species is relatively
large, with short and robust, knife-shaped apical blades. Species in this group
feed on Salix spp. and tend to have a wide distribution: Palearctic in the case of
S. roseri, Central Asia for S. concinnus, and western Asia for S. urnammu.

Salicarus fulvicornis species group. This group includes S. halimodendri
and S. fulvicornis. Species in this group are variable in coloration, with elongate
males (3.6—-4.0) and more ovoid females (3.5-3.9). The entire dorsum, except
the head, is clothed with a mixture of silvery narrow, apically acuminate scale-
like setae, and dense, comparatively long simple setae that are approximately
1.5x as long as the scales. The apical blades of the vesica are very long, thin,
gradually curved, and abruptly furcate. Species of this group feed exclusively
on Caragana spp. (Fabaceae: Hedysareae) and are mainly distributed in Central
Asia and Mongolia.
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Key to species

1

Smaller than 2.8. Antennal segment Il distinctly swollen, fusiform. Dorsum
and venter, including head, pronotum and abdomen, with dense, wide, api-

cally serrate scales (Fig. 5) ...ccoeirieieiiieiiieieeeeeeeeeee s 2
Larger than 3.0. Antennal segment Il thin. Scale-like setae on dorsum, if
present, narrow and apically acuminate (Fig. 4) .....ccocovveevveeeiiieieeeree. 5
Femora with scale-like SEtae ........ccoouveviieiieiiiiiceeeee e 3
Femora without scale-like setae..........ccocooieieieiiniiieee 4

Apical blades of vesica long, gradually curving, closely located but sep-
arate, not adjoining each other (Fig. 8D, E, I). Southern Spain, southern
France, southern [taly..........cccccoooiiiiiiiciceeeeee e, S. nitidus
Apical blades of vesica gradually curved and tightly adjoining each other
along their entire length (Fig. 8F, G). Spain, southern France, Greece .........
................................................................................................... S. perpusillus
Antennal segment Il distinctly fusiform in both sexes, 1.6—1.8x as wide at
midpoint as segment | at apex (Fig. 5A, B). Apical blades of vesica compara-
tively long, with length of larger blade distinctly exceeding distance between
its base and secondary gonopore (Fig. 8A). Greece................... S. cavinotum
Antennal segment Il in male swollen along entire length, slightly fusiform,
with midpoint width subequal to apical width of segment | (Fig. 5G). In
female segment Il fusiform 1.5-1.6x as wide at midpoint as segment | at
apex (Fig. 5C). Apical blades of vesica comparatively short, with length
of larger blade subequal to distance between its base and secondary go-
nopore (Fig. 8B, C). CYPIUS ........ccveeeveeveeeriereieeeeeeereeeeeveeee v S. genistae
Hemelytron without scale-like setae, clothed with short, strongly ad-
pressed, simple silvery setae only (Fig. 2F-1). Vesica with straight, short
and robust, diverging apical blades (Fig. 7G, H). Widely distributed in the

Palearctic. On SaliX SPP. «ooeoeeieieieeee et S. roseri
Hemelytron clothed with a mixture of simple setae and narrow, apically
acuminate scale-like setae (Fig. 3C, F, 1) ..ocooivveieiiiiieiceeeeeeeeee 6

Dorsum clothed with short, subequal in length to scale-like setae on hem-
elytron, adpressed simple setae; narrow scale-like setae scarce and pres-
ent on hemelytron only (Fig. 4C, O). Vesica with straight, short and robust
apical blades (Fig. 7A, B, I, J). On SaliX SPP. .ccveeerieieieieieieieiieeeeeiee 7
Pronotum, scutellum, and hemelytron clothed with a mixture of silvery
narrow scale-like setae and dense, long, simple setae ~ 1.5x as long as
scales (Fig. 4 D-1). Vesica with long and thin apical blades (Fig. 7C-F). On
Caragana SPP. cveeeeveeeerieeerieeitieeiteeitteertte et ae et e ere e eaa e e ba e e b e e ebeeetbeeebeeanbaeanres 8
Vesica with almost parallel apical blades (Fig. 7A, B). Color-pattern of dor-
sum variable, ranging from entirely or largely brown to pale yellow with
darkened basal margin of pronotum (Fig. TA-F). Central Asia....................
.................................................................................................... S. concinnus
Vesica with gradually diverging apical blades (Fig. 71, J). Dorsum yel-
low, frequently with orange tinge, sometimes with partly brown prono-
tum, scutellum, and endocorium (Fig. 3A-D). Southwest Asia..............
.............................................................................................. S. urnammu
Coloration of dorsum variable, ranging from almost entirely dark brown
to pale yellow, but vertex always dirty to whitish yellow along posterior
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margin (Fig. 2A-D). Body in male elongate-oval, 2.7-2.9x as long as pos-
terior width of pronotum. Apical blades of vesica abruptly furcate, with
one being distinctly smaller than the other (Fig. 7E, F). Central Asia and
MONGONIA ... S. halimodendri
- Dorsum uniformly dark brown to brown (Fig. 1G—1). Body in male elongate,
almost parallel-sided, 3.1-3.6x as long as width of pronotum at base.
Both blades of vesica long, slightly diverging (Fig. 7C, D). Mongolia and
adjacent regions of Russiaand China .............c.ccceovevieieienn, S. fulvicornis

Salicarus nitidus species group

Salicarus cavinotum (Wagner, 1973)
Figs 3E, F, 5A, B, 8A

Heterocapillus cavinotum Wagner, 1973: 121.

Heterocapillus cavinotum: Wagner (1975a): 128 (key, description, figures);
Linnavuori (1999): 58 (figures, updated diagnosis); Kment et al. (2005): 12
(new record).

Salicarus cavinotum: Konstantinov (2023): 861 (phylogenetic placement,
figures, discussion).

Material examined. Holotype: & GREECE * Dodecanese Islands: Petaloudes,
Rhodos, 36.444°N, 28.222°E, 01 Jun 1972, Eckerlein (AMNH_PBI 00184018)
(ZMUH). Paratypes: GREECE * Dodecanese Islands: Petaloudes, Rhodos,
36.444°N, 28.222°E, 01 Jun 1972, Eckerlein, 15 (AMNH_PBI 00184019), 19
(AMNH_PBI 00336963) (ZMUH).

Other specimens examined: GREECE * Dodecanese Islands: Petaloudes,
Rhodos, 36.444°N, 28.222°E, 01 Jun 1972, Eckerlein, 14 (AMNH_PBI
00240965) (ZISP) * Peloponnese: Corinth (Korinthia): nr Kehries, 37.885°N,
22.9875°E, 26 May 1989, R. Linnavuori, 28 (AMNH_PBI 00338309, AMNH_
PBI 00338310) (NMWC) - Karitena, 37.46667°N 22.03333°E, 02 Jul 2007,
A. Matocq, 79 (ZISP_ENT 00011853, ZISP_ENT 00011852), 43 (ZISP_ENT
00011853) (ZISP) + Thessalia: Magnesia Co.. nr Goritsa, 39.35389°N,
22.97694°E, 03 Jun 1989, R. Linnavuori, 3Q (ZISP_ENT 00011721), 3&
(ZISP_ENT 00011721) (NMWC).

Diagnosis. Recognized by the small size, body length 2.0-2.6; antennal seg-
ment Il fusiform in both sexes, wider in female; dorsum uniformly dark brown,
with dense, wide and apically serrate silvery scale-like setae (Figs 3E, F, 5A, B);
legs and antennae without scales; apical blades of vesica gradually curved and
tightly adjoining each other along their entire length, comparatively long, with
length of larger blade distinctly exceeding distance between its base and sec-
ondary gonopore (Fig. 8A).

Salicarus cavinotum is most similar to S. perpusillus in general appear-
ance, size, and vesica structure, which appear indistinguishable between
these species (Fig. 8A, F, G). However, the latter species can be distinguished
from S. cavinotum by the presence of dense scale-like setae on all femora,
the bases of tibiae, antennal segment |, and the base of segment Il (Fig. 5D—
F). Additionally, in S. perpusillus, antennal segment Il in males is 4.3-4.6x
as long as wide at the midpoint and appears only slightly narrower than in
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1 mm

Figure 3. Dorsal habitus A, B & Salicarus urnammu C, D @ S. urnammu E & paratype of S. cavinotum F ¢ paratype of
S. cavinotum G & S. genistae H @ S. genistae | & S. nitidus G ¢ S. nitidus K & holotype of S. perpusillus L @ S. perpusillus.

females, while in S. cavinotum this segment in male is less fusiform, 4.9-
5.3x as long as wide at the midpoint. Refer to the diagnosis of S. genistae for
additional discussion.
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Redescription. Male. Coloration. Dorsum and venter uniformly brown to dark
brown (Fig. 3E). Head: Brown to dark brown, apices of labial segments | and Il
usually pale brown; antennal segments lll and IV uniformly pale yellow. Thorax:
Uniformly brown to dark brown, extreme apices of fore and middle femora pale
brown to dirty yellow, tibiae dirty yellow, with small but distinct round spots at
bases of tibial spines; tarsi pale yellow, with darkened apices; membrane and
veins uniformly brown. Abdomen: Uniformly dark brown.

Surface and vestiture. Smooth, moderately shiny; dorsum, thoracic pleura,
and abdomen with dense, silvery, broad and apically serrate scale-like setae
and adpressed to semierect, long, almost twice as long as scales, simple setae,
dark on cuneus and apex of corium, yellowish elsewhere; legs and antennae
without scale-like setae; sides of pronotum and hemelytron at base with robust,
long, erect to semierect, black bristle-like setae.

Structure. Body 2.4-3.0x as long as posterior width of pronotum; total length
2.0-2.6; vertex 2.3—2.7x as wide as eye; antennal segment | short, swollen, wid-
est at apex, about twice as long as width at apex; segment Il fusiform, 1.6x as
wide at midpoint as segment | at apex, 4.9-5.3x as long as wide, 0.6x as long
as posterior width of pronotum, 0.7-0.8x as long as width of head; segments |l
and IV filiform; pronotum 2.1-2.4x as wide as long, 1.2-1.3x as wide as head.

Genitalia. Right paramere with oval body about twice as long as wide, ba-
sally broadly rounded and expanded well proximally beyond basal process,
apical process long and straight, apically rounded. Left paramere similar to
those of S. genistae (Fig. 9E) and S. nitidus (Fig. 9H), with comparatively short
and straight apical process and gradually narrowing towards apex, broadly
rounded sensory lobe. Apical blades of vesica gradually curved, tightly ad-
joining each other along their entire length, comparatively long, with length
of larger blade distinctly exceeding distance between its base and secondary
gonopore (Fig. 8A).

Female. Coloration, surface, and vestiture. As in male (Fig. 3F).

Structure. Body 2.2—-2.5x as long as posterior width of pronotum; total length
2.1-2.3; vertex 2.5-2.9x as wide as eye; antennal segment | short, swollen,
widest at apex, about twice as long as width at apex; segment Il fusiform, wider
than in male, 1.7-1.8x as wide at midpoint as segment | at apex, 4.1-4.3x as
long as wide, 0.5-0.6x as long as posterior width of pronotum, 0.7-0.8x as long
as width of head; pronotum 2.1-2.4x as wide as long, 1.3x as wide as head.

Genitalia. Dorsal labiate plate with large and wide, broadly oval, but apically
tapering sclerotized rings.

Distribution. Currently this species is documented exclusively in Greece,
spanning Thessaly, the Peloponnese and Attic peninsulas, as well as Crete and
Rhodes Island (Wagner 1973; Linnavuori 1999; Kment et al. 2005)

Hosts. Genista sp. (Wagner 1975a), Genista acanthoclada DC (Linnavuori 1999).

Discussion. Wagner (1973, 1975a) highlighted the significance of paired
rounded pits on the pronotum as the primary distinguishing feature of S. cav-
inotum, effectively distinguishing it from closely related species. Upon exam-
ination of the holotype of this species, we discovered the absence of cavities
on the pronotum as described originally, albeit the designated holotype being
teneral specimen with a slightly deformed pronotum, as correctly noted by Lin-
navuori (1999). Other specimens from the type series are in good condition and
exhibit no signs of pits on pronotum (Fig. 5A, B).
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Figure 4. Head, pronotum, and vestiture A=C Salicarus concinnus in dorsal view: A & paratype, head and pronotum
B @ paratype, head and pronotum C @ paratype, vestiture on hemelytron D=F S. fulvicornis in dorsal view: D & head
and pronotum E @ head and pronotum F & vestiture on hemelytron G-I S. halimodendri in dorsal view: G & paratype
H @ paratype | & paratype, vestiture on hemelytron J-L S. roseri: J & head and pronotum K @ head and pronotum
L head and thoracic pleura in lateral view M=0 S. urnammu in dorsal view: M & head and pronotum N ¢ head and
pronotum O Q vestiture on hemelytron.
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Salicarus genistae (Lindberg, 1948)
Figs 3G, H, 5C, G, 8B, C, H, 9D-F, 10C, E

Atractotomus genistae Lindberg, 1948: 53.

Heterocapillus genistae: Wagner (1975a): 126 (key, description, figures);
Linnavuori (1999): 58 (figures of antennae and vesica, discussion).

Salicarus genistae: Konstantinov (2023): 861 (phylogenetic placement, figures,
discussion).

Material examined. Paralectotypes: CYPRUS * Ayios Hilarion, 35.3125°N,
33.28333°E, 07 Jun 1939, Hakan Lindberg, 13 (AMNH_PBI 00336958) (ZMUH)
+ Troodos Mesopotamos, 34.896°N, 32.908°E, 21 Jun 1939, Hakan Lindberg,
12 (AMNH_PBI 00336965) (ZMUH).

Otherspecimens examined: CYPRUS - Kakomallis Mt.,34.83333°N,33.03333°E,
914 m, 13 Jun 1965, G. Mavromoustakis, 24 (AMNH_PBI 00336959, AMNH_PBI
00336960), 29 (AMNH_PBI 00336966, AMNH_PBI 00336967) (ZMUH) - Kalok-
horio, 34.845°N, 33.034°E, 762 m, 29 Jun 1956, Unknown collector, 19 (AMNH_
PBI 00240953), 23 (AMNH_PBI 00240954, AMNH_PBI 00240946) (ZISP) * Pano
Lefkara, 34.869°N, 33.302°E, 28 May 1972, Eckerlein, 6 (AMNH_PBI 00240947-
AMNH_PBI 00240952), 12 (AMNH_PBI 00240955) (ZISP).

Diagnosis. Recognized by the relatively small, stumpy, dark brown body, to-
tal length male 2.2-2.5, female 2.6-2.8 (Fig. 3G, H); dorsum with dense, wide
and apically serrate white scales; legs and antennae without scales; antennal
segment Il in male swollen, somewhat fusiform, subequal in width at midpoint
to apical width of segment |, 6.4-6.7x as long as wide, in female distinctly fu-
siform, 1.5-1.6x as wide at midpoint as segment | at apex, 4.9-5.2x as long
as wide (Fig. 5C, G); apical blades of vesica tightly adjoining each other along
their entire length, comparatively short, with length of larger blade subequal to
distance between its base and secondary gonopore (Fig. 8B, C, H).

Salicarus genistae is most similar in habitus, coloration, size, and male geni-
talia structure to S. cavinotum, S. nitidus, and S. perpusillus. It differs habitually
from these species by its sexually dimorphic antennal segment II: in males it
is slightly fusiform with the width at the midpoint being subequal to the apical
width of segment [; in females it is distinctly fusiform, being 1.5-1.6x as wide
at the midpoint as segment | at the apex. Consequently, antennal segment |l
is 6.4-6.7x as long as wide in males of S. genistae, being 4.9-5.2x as long as
wide in female. In other three closely related species this ratio ranges 4.1-5.3x
in males and 3.9-4.3x in females. However, these ratios should be used with
caution due to observed polymorphism and the extremely dense vestiture of
antennal segment I, which can affect the measurements. Salicarus genistae
further differs from both S. nitidus and S. perpusillus in the absence of scales on
femora. In vesica structure, with the apical blades tightly adjoining each other, it
is most similar to S. cavinotum (Fig. 8A) and S. perpusillus (Fig. 8F, G), whereas
in S. nitidus blades are apically separated. However, the vesica in S. genistae is
slightly larger than in both S. cavinotum and S. perpusillus, and differs by having
shorter apical blades, with the length of the larger blade subequal to the dis-
tance between its base and the secondary gonopore.

Redescription. Male. Coloration. Dorsum and venter uniformly chestnut to
dark brown (Fig. 3G). Head: Brown to dark brown, buccula and apices of labial
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Figure 5. Head, pronotum, and vestiture A, B paratype of Salicarus cavinotum, head and pronotum in dorsal view: A3 B ¢
C, G S. genistae, head and pronotum in dorsal view: C 3 G Q D—F paratypes of S. perpusillus: D & head and pronotum in
dorsal view E @ head and pronotum in dorsal view F @ vestiture on dorsum and legs H-1 S. nitidus, head and pronotum
in dorsal view: H 3'1 Q.

segments | and Il usually paler; antennal segments lll and IV uniformly pale
yellow. Thorax: Uniformly brown to dark brown, tibiae dirty yellow, rarely some-
what darkened basally, with small, sometimes indistinct round spots at bases
of tibial spines; tarsi pale yellow, with darkened apices; membrane and veins
uniformly brown. Abdomen: Uniformly dark brown.

Surface and vestiture. Smooth, moderately shiny; dorsum, thoracic pleura,
and abdomen with dense, silvery, broad and apically serrate scale-like setae
and adpressed to semierect, long, almost twice as long as scales, simple se-
tae, dark on cuneus and extreme apex of corium and goldish yellow elsewhere
(Fig. 5G); in addition, sides of pronotum and hemelytron at base with robust
dark contrastingly long, erect to semierect simple setae; appendages with sim-
ple, adpressed to semierect pale setae, contrastingly dense, dark and robust on
antennal segments | and Il; tibial spines dark brown to black.

Structure. Body stumpy, oval, 2.1-2.4x as long as posterior width of pro-
notum; total length 2.2-2.5; vertex flat, 2.0-2.2x as wide as eye; segment |
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2012.03.14 16:38 HL D5.3 x300 300 um

2012.03.14 16:48 HL D5.1 x600 100um 88-0057 18:20 HL D6.2 x1.2k 50 um

-

2012.03.14 1830 HL D5.1 x300

88-0059 2012.03.14 1825 HL D5.1 x100 1 mm  88-0061 300 um

Figure 6. Scanning electron images of selected structures A—C Salicarus fulvicornis: A pretarsus in lateral view B hind
tarsus in lateral view C vestiture on hemelytron D-F S. roseri: D pretarsus in lateral view E head and thoracic pleura in
lateral view F metathoracic spiracle and scent gland evaporative area.

short, swollen, widest at apex, about twice as long as width at apex; segment
Il swollen along entire length, somewhat fusiform, with midpoint width sub-
equal to apical width of segment |, 6.4-6.7x as long as wide, 0.5-0.6x as long
as basal width of pronotum, 0.7-0.8x as long as width of head; segments Il
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and IV filiform; labium reaching metacoxa; pronotum 2.2-2.4x as wide as long,
1.4-1.5% as wide as head; mesonotum only slightly exposed.

Genitalia. Right paramere oval, approximately twice as long as wide, basal-
ly broadly rounded, and well expanded proximally beyond basal process, with
long, straight, gradually tapering apical process (Fig. 9D). Left paramere with
short and straight apical process and triangular, apically broadly rounded sen-
sory lobe (Fig. 9E). Vesica with comparatively short apical blades tightly ad-
joining each other along their entire length, larger blade subequal in length to
distance between its base and secondary gonopore (Fig. 8B, C).

Female. Coloration, surface, and vestiture. As in male (Fig. 3H).

Structure. Body 2.5-2.7x as long as posterior width of pronotum; total length
2.6—2.8; vertex 2.2-2.6x as wide as eye; antennal segment | short, swollen,
widest at apex, about twice as long as width at apex; segment Il somewhat
shorter than in male, strongly swollen, fusiform, 1.5-1.6x as wide at midpoint
as segment | at apex, 4.9-5.2x as long as wide, 0.5-0.6x as long as posterior
width of pronotum, 0.7-0.8x as long as width of head; pronotum 2.1-2.2x as
wide as long, 1.3-1.4x as wide as head.

Genitalia. Dorsal labiate plate with large and wide, broadly oval, but apically ta-
pering sclerotized rings (Fig. 10C). Posterior wall membranous, somewhat strong-
ly sclerotized at sides (Fig. 10D). Vestibulum long and thin, S-shaped (Fig. 10E).

Distribution. Originally described and still known from Cyprus. A record from
Manavgat (Antalya province of Turkey) based on a single specimen of unknown
sex (Lodos et al. 2003) requires confirmation.

Host. Genista fasselata Decne. (Lindberg 1948, as G. sphacelata). An indi-
cation of Onopordum sp. (Asteraceae) as host (Lodos et al. 2003) certainly
represents a sitting record.

Discussion. Refer to the corresponding section in the redescription of
S. nitidus.

Salicarus nitidus (Horvath, 1905)
Figs 31, G, 5H, 1, 8D, E, I, 9G-I

Atractotomus nitidus Horvath, 1905: 275.

Heterocapillus nitidus: Wagner (1975a): 127 (key, description, figures); Heck-
mann et al. (2015): 95 (figure of vesica).

Salicarus nitidus: Konstantinov (2023): 861 (phylogenetic placement, figures,
discussion).

Material examined. Holotype: SPAIN * Castile-La Mancha: @ Pozuelo de Ca-
latrava 38.91°N, 3.84°W, Collection date unknown, José Maria de la Fuente
(HNHM) (not seen; pictures of the head and habitus in dorsal and lateral views
were examined).

Other specimens examined: FRANCE + Corse (Corsica): Costa, 42.0333°N,
8.95°E, 19 Jul 1963, Unknown collector, 19 (AMNH_PBI 00336969) (ZMUH)
* Tiuccia, 42.06566°N, 8.73889°E, 10 m, 19 Jun 1961, J. Péricart, Calicotome
villosa (Fabaceae), 14 (AMNH_PBI 00336961), 19 (AMNH_PBI 00336968)
(ZMUH) - Midi-Pyrenees: Vernet, 43.18305°N, 1.6°E, 700 m, 06 Jun 1962, J.
Péricart, 18 (AMNH_PBI 00336964) (ZMUH).
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Diagnosis. Recognized by the small, stumpy, uniformly dark brown body,
total length male 2.3-2.6, female 2.2-2.4; dorsum with dense, wide, and api-
cally serrate scale-like setae, femora also clothed with scales (Fig. 3I, G);
antennal segment Il distinctly fusiform, at midpoint male 1.4-1.5x%, female
1.6—1.7x as wide as segment | at apex (Fig. 5H, 1); apical blades of vesica
long, gradually curving, closely located but separate, not adjoining each other
(Fig. 8D, E, I).

Most similar to S. perpusillus in size, body proportions, and the distinctly
fusiform antennal segment Il in both sexes, as well as the presence of scale-
like setae on femora (although scales are absent on the bases of tibiae and
antennae). However, it differs from this species, as well as from S. cavinotum
and S. genistae in the vesica structure with apical blades that are not tightly
adjoining. Additionally, S. nitidus is the only one of the closely related species
mentioned above that feeds on Calicotome rather than Genista spp. Refer to the
diagnosis of S. genistae for additional discussion.

Redescription. Male. Coloration. Dorsum and venter uniformly brown to dark
brown (Fig. 3l). Head: Brown to dark brown, apices of labial segments | and Il
usually pale brown; antennal segments lll and IV uniformly pale yellow. Thorax:
Brown to dark brown, tibiae dirty yellow, with round spots at bases of tibial
spines, very small on fore and middle tibiae, distinct on hind tibia; tarsi pale
yellow, with darkened apices; membrane and veins uniformly brown. Abdomen:
Uniformly dark brown.

Surface and vestiture. Smooth, moderately shiny; dorsum, thoracic pleura,
femora, and abdomen with dense, silvery, broad and apically serrate scale-like
setae and adpressed to semierect, long, almost twice as long as scales, simple
setae, dark on cuneus and apex of corium, yellowish elsewhere; series of long
simple setae on fore coxa silver; sides of pronotum and hemelytron at base
with robust, long, erect to semierect, black bristle-like setae.

Structure. Body 2.5-2.7x as long as posterior width of pronotum; total
length 2.3-2.6; vertex 2.3-2.6x as wide as eye; antennal segment Il distinctly
fusiform, 1.4-1.5x as wide at midpoint as segment | at apex, 4.1-4.3x as long
as wide, 0.5-0.6x as long as posterior width of pronotum, 0.7x as long as width
of head; pronotum 2.1-2.3x as wide as long, 1.3x as wide as head.

Genitalia. Right paramere spoon-shaped, with long, straight, and blunt apical
process (Fig. 9G). Right paramere with thin, short, and straight apical process
and broadly rounded sensory lobe (Fig. 9H). Vesica with very long, gradually
curving, apical blades, closely located but separate, not adjoining each other
(Fig. 8D, E, I).

Female. Coloration, surface, and vestiture. As in male (Fig. 3G).

Structure. Body 2.3-2.5x as long as posterior width of pronotum; total length
2.2-2.4; vertex 2.4-2.6x as wide as eye; antennal segment || somewhat wider
than in male, 1.6—-1.7x as wide at midpoint as segment | at apex, 4.0-4.1x as
long as wide, 0.6x as long as posterior width of pronotum, 0.7x as long as width
of head; pronotum 2.2-2.3x as wide as long, 1.3-1.4x as wide as head.

Genitalia. Dorsal labiate plate with large and wide, broadly oval at base, api-
cally tapering sclerotized rings.

Distribution. Ciudad Real province of Spain (Wagner 1975a: Pozuelo de
Calatrava), southern France (Wagner 1975a: Corsica), southern Italy (Carapezza
1984: Sardinia; Carapezza 1993: Aeolian Islands).
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Figure 7. Vesica in left and right lateral views (left and right columns, respectively) A, B paratypes of Salicarus concinnus
C, D S. fulvicornis E, F paratype of S. halimodendri G, H S. roseril, J S. urnammu.
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Figure 8. Vesica A Salicarus cavinotum, paratype B, C S. genistae D, E S. nitidus F, G S. perpusillus, paratype H, | apical part
of vesica enlarged: H S. genistae | S. nitidus.
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Host. Calicotome villosa (Poir.) Link. (Wagner 1975a). Genista corsica (Loisel.)
DC was reported as a host from Sardinia (Carapezza 1984) and Genista ephedroi-
des DC. from Aeolian Islands (Carapezza 1993). However, the last two records
may pertain to S. perpusillus and require further confirmation (Carapezza 1995).

Discussion. Salicarus nitidus (Horvath, 1905) belongs to a group of four hardly
distinguishable species with a complex taxonomic history, which also includes
S. cavinotum (Wagner, 1973), S. genistae (Lindberg, 1948), and S. perpusillus
(Wagner, 1960). These species inhabit the North Mediterranean, from central
Spain in the West to Cyprus in the East. Horvath (1905) described Atractotomus
nitidus based on a single female from central Spain and noted its similarity with
Atractotomus (currently Heterocapillus) tigripes (Mulsant & Rey, 1852) due to its
overall appearance and coloration, as well as the presence of large dark spots
at bases of tibial spines. He distinguished A. nitidus by its much smaller size
(2.25 mm), less fusiform antennal segment Il, and tibiae not darkened ventrally.

Lindberg (1948) described A. genistae from a series of specimens collected
in two localities in Cyprus. He emphasized the similarity of the new species to
Atractotomus mali (Meyer-Dur, 1843) due to the spindle-shaped antennal seg-
ment Il in both sexes. According to the original description, the new species
differs in having a dark-colored membrane, dark spots at the bases of tibial
spines, smaller size, and a shorter segment Il, which is distinctly shorter than
the head width. Lindberg (1948) did not mention A. nitidus in his diagnosis and
was apparently unaware of this species.

Wagner (1960) described Atractotomus perpusillus from Sierra Nevada
(southern Spain) as the smallest species of the genus (2.1-2.4 mm), most
similar to A. parvulus Reuter, 1878, but differing from that species in having
wide scale-like setae, a spindle-shaped antennal segment Il, and a long and
thin apical process of the vesica. Wagner also noted that the dorsal vestiture
of A. perpusillus, with three types of setae, separates it from all congeners ex-
cept A. tigripes. To accommodate these two species and A. putoni Reuter, 1878
(subsequently synonymized with A. validicornis Reuter, 1876), he erected the
subgenus Heterocapillus Wagner, 1960 which was later upgraded to a valid ge-
nus by Kerzhner (1962). The last species of this group, Heterocapillus cavino-
tum, was described by Wagner (1973) from Rhodos Island (Greece). According
to the original description, this species is most similar to H. nitidus and H. per-
pusillus but differs from both in having a pair of rounded pits on the pronotum,
and a set of minor distinctions some of which, such as body length, appear to
contradict with provided measurements.

In his monographic treatment of Mediterranean plant bugs Wagner (1975a)
formulated the species concepts of these four closely related species as follows:

Heterocapillus genistae (Cyprus, on Genista sp.): relatively large, body length
male 2.5 mm, female 3.0 mm, antennal segment |l slightly spindle-shaped in
male, distinctly spindle-shaped in female.

Heterocapillus cavinotum (Rhodos Island, on Genista spp.): body length male
2.35 mm, female 1.9 mm, pronotum with a pair of pits, antennal segment Il
distinctly spindle-shaped in both sexes, 3.8—4.0x as long as wide at middle.

Heterocapillus nitidus (central Spain, Corsica, on Calicotome villosa): body
length male 2.5 mm, female 2.2-2.3 mm, antennal segment Il spindle-shaped
in both sexes, male 4x, female 3.9x as long as wide at middle.
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Heterocapillus perpusillus (southern Spain, southern France, on Genista sp.):
body length male 2.1 mm, female 2.3-2.4 mm, antennal segment Il spin-
dle-shaped in both sexes, male 4.2x, female 4.0x as long as wide at middle.

Since then, H. cavinotum was additionally reported from Peloponnese penin-
sula and Crete (Linnavuori 1999; Kment et al. 2005), while the presence of pits
on the pronotum in this species was refuted (Linnavuori 1999). Heterocapillus
nitidus was additionally indicated from Sardinia and Aeolian Islands (Italy, Cara-
pezza 1984, 1993), while H. perpusillus from Laconia (Greece, Rieger 2012) and
Crete (Heckmann et al. 2015). A synonymy of H. perpusillus with H. nitidus was
suspected by Goula and Ribes (1995), but Heckmann et al. (2015) noted slight
distinctions in the size and shape of the vesica between these two species.
Konstantinov (2023) transferred all these species to Salicarus. Examination of
all available material allows us to conclude that despite the notable similarity,
all four species could be distinguished from each other by the combination of
characters provided in the key to species and diagnoses. Molecular data are
desirable for elucidating the status of these species. Pending such a study, we
refrain from nomenclatorial changes.

Salicarus perpusillus (Wagner, 1960)
Figs 3K, L, 5D-F 8F, G

Atractotomus (Heterocapillus) perpusillus Wagner, 1960: 81.

Heterocapillus perpusillus: Wagner (1975a): 128 (key, description, figures);
Heckmann et al. (2015): 95 (figures of dorsal habitus and vesica).

Salicarus perpusillus: Konstantinov (2023): 861 (phylogenetic placement,
figures, discussion).

Material examined. Holotype: SPAIN * Andalucia: & Northern Slopes of Vele-
ta Peak [Veleta -Nordhang], Sierra Nevada, 37.07°N, 3.37°W, 2500 m, 03 Aug
1959, E. Wagner, (AMNH_PBI 00184020) (ZMUH). Paratypes: SPAIN * Andalu-
cia: Northern Slopes of Veleta Peak [Veleta -Nordhang], Sierra Nevada, 37.07°N,
3.37°W, 2500 m, 02 Aug 1959, E. Wagner, 19 (AMNH_PBI 00336976) (ZMUH);
03 Aug 1959, E. Wagner, 13 (AMNH_PBI 00336979), 39 (AMNH_PBI 00336974,
AMNH_PBI 00336975, AMNH_PBI 00336978) (ZMUH) - Sierra Nevada Veleta,
37.08333°N, 3.16667°W, 25 Jul 1959-04 Aug 1959, H. H. Weber, 29 (AMNH_
PBI 00126474, AMNH_PBI 00126475) (ZSMC).

Other specimens examined: SPAIN -+ Catalonia: Campllong, Bergueda,
41.88333°N, 2.81667°E, 15 Jul 1984, E. Ribes, 13 (ZISP_ENT 00011719), 19
(ZISP_ENT 00011719) (NMPC) - Seros, Segria, 41.462°N, 0.412°E, 27 Jun 1971,
J. Ribes, Ulex sp. (Fabaceae), 14 (AMNH_PBI 00338308) (NMWC) - Sonadell,
Lleida, 02 Jun 1963, J. Ribes, 14 (AMNH_PBI 00338307) (NMWC).

Diagnosis. Recognized by the small and stumpy body, total length 2.1-2.4;
dorsum uniformly dark brown with dense, wide and apically serrate scale-
like setae (Fig. 3K); femora, bases of tibiae, segment | and base of segment
Il with also covered with wide silvery scales (Fig. 5F); antennal segment Il
distinctly fusiform, at middle male 1.3-1.5x%, female 1.6—1.7x as wide as seg-
ment | at apex (Fig. 5D, E); apical blades of vesica gradually curved and tightly
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Figure 9. Male genitalia A-C Salicarus concinnus, paratype D=F S. genistae G-I S. nitidus J-L S. fulvicornis M-0 S. hal-
imodendri, paratype P-R S. roseri S=U S. urnammu AD G J M P S: right paramere BEH KN Q U: left paramere CFIL O
R U: apex of phallotheca.
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adjoining each other along their entire length, comparatively long, with length
of larger blade distinctly exceeding distance between its base and secondary
gonopore (Fig. 8F, G).

Salicarus perpusillus is habitually most similar to S. nitidus in body propor-
tions, the distinctly fusiform antennal segment Il in both sexes, and the presence
of scale-like setae on the femora. However, the latter species differs from S.
perpusillus in its distinctive vesica structure with separate, not tightly adjoining
apical blades. Indistinguishable from S. cavinotum in vesica structure but differs
from that species by the presence of dense scale-like setae on the femora.

Redescription. Male. Coloration. Dorsum and venter uniformly brown to dark
brown (Fig. 3K). Head: Brown to dark brown, apices of labial segments | and Il
usually pale brown; antennal segments lll and IV uniformly pale yellow. Thorax:
Uniformly brown to dark brown, tibiae dirty yellow, with small round spots at
bases of tibial spines, less distinct on fore and middle tibiae; tarsi pale yellow,
with darkened segment Ill; membrane and veins uniformly brown. Abdomen:
Uniformly dark brown.

Surface and vestiture. Smooth, moderately shiny; dorsum, thoracic pleura,
and abdomen with very dense, silvery, broad and apically serrate scale-like se-
tae and adpressed to semierect, long, almost twice as long as scales, simple
setae, dark on cuneus and apex of corium, yellowish elsewhere; antennal seg-
ments | and Il, all femora and basal parts of tibiae clothed with scale-like setae;
sides of pronotum and hemelytron at base with robust, long, erect to semierect,
black bristle-like setae.

Structure. Body 2.1-2.3x as long as posterior width of pronotum; total
length 2.1-2.4; vertex 2.2-2.5x as wide as eye; segment Il distinctly fusiform,
1.3-1.5% as wide at midpoint as segment | at apex, 4.3—-4.6x as long as wide,
0.5-0.6x as long as posterior width of pronotum, 0.7-0.8x as long as width of
head; pronotum 2.1-2.2x as wide as long, 1.2-1.3x as wide as head.

Genitalia. Right paramere spoon-shaped, with long, straight apical process.
Right paramere with short and straight apical process and broadly rounded senso-
ry lobe. Vesica with gradually curved and comparatively long apical blades tightly
adjoining each other along their entire length, with length of larger blade distinctly
exceeding distance between its base and secondary gonopore (Fig. 8F, G).

Female. Coloration, surface, and vestiture. As in male (Fig. 3L).

Structure. Body 2.4-2.6x as long as posterior width of pronotum; total length
2.2-2.4; vertex 2.3-2.7x as wide as eye; segment |l distinctly somewhat wider
than in male, 1.6-1.7x as wide at midpoint as segment | at apex, 3.9-4.2x as
long as wide, 0.6x as long as posterior width of pronotum, 0.7-0.8x as long as
width of head; pronotum 2.1-2.2x as wide as long, 1.3x as wide as head.

Genitalia. Dorsal labiate plate with large and wide, broadly oval at base, api-
cally tapering sclerotized rings.

Distribution. Spain (Wagner 1960: Sierra Nevada; Ehanno 1987: Navarre; Ri-
bes et al. 2004: Catalonia; Pagola-Carte and Zabalegui 2007: Araba and Na-
varre), southern France (Wagner 1975a: Corsica; Ehanno 1987: Pyrénées-Ori-
entales), Greece (Rieger 2012: Laconia; Heckmann et al. 2015: Peloponnese,
Western Thrace, Crete). An indication from Italy (Faraci and Rizzotti Vlach
1995) was based on specimens collected by A. Melber in Saltino and Montemi-
gnaio, Tuscany from Cytisus scoparius L. (Melber 1993) and partly retained at
the Museum of Verona. Franco Faraci kindly provided us with pictures of one
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specimen from Secchieta Mt. which may belong to S. genistae and requires
further confirmation of the species identity.

Host. Genista versicolor Boiss. (Wagner 1975a, as Genista baetica Spach.),
Genista scorpius (L.) DC. (Ribes et al. 2004; Pagola-Carte and Zabalegui 2007),
Echinospartum horridum (Vahl) Rothm. (Ehanno 1987, as Genista horrida).

Discussion. Goula and Ribes (1995), followed by Kerzhner and Josifov
(1999) suspected that S. perpusillus is a junior synonym of S. nitidus. Heck-
mann et al. (2015) argued that these species can be distinguished based on
their sizes, antennal proportions, and the shape of the vesica. Our observations
indicate that distinctions in size and antennal segment Il are not reliable diag-
nostic features, but these species can be differentiated by distinctions in the
mutual arrangement of their apical blades (see Diagnosis).

Salicarus roseri species group

Salicarus concinnus V. G. Putshkov, 1977
Figs TA-F, 4A-C,7A,B,9 A-C,10A,B

Salicarus (Salicarus) concinnus V. G. Putshkov, 1977: 365.
Salicarus concinnus: Konstantinov (2023): 874 (phylogenetic placement, fig-
ures, discussion).

Material examined. Holotype: TAJIKISTAN * & Kondara Canyon, Valley of Var-
zob River, 38.83333°N, 68.83333°E, 1100 m, 08 Jul 1955, Lopatin, (AMNH_PBI
00233863) (ZISP). Paratypes: KAZAKHSTAN * South Kazakhstan Prov.: Daubaba
nr Tyul’kubas, Shimkent Dist., 42.46666°N, 70.26666°E, 18 Jun 1966, Unknown
collector, Salix sp. (Salicaceae), 15 (AMNH_PBI 00233874) (ZISP). KYRGYZSTAN
+ Gava, 41.26666°N, 72.83333°E, 03 Aug 1937, A. N. Kiritshenko, 23 (AMNH_PBI
00233872, AMNH_PBI 00233873) (ZISP). TAJIKISTAN * Kondara Canyon, Valley
of Varzob River, 38.83333°N, 68.83333°E, 1100 m, 19 Jun 1937, Gussakovskiy,
19 (AMNH_PBI 00233768) (ZISP) + 30 Jun 1943, A. N. Kiritshenko, 24 (AMNH_
PBI 00233866, AMNH_PBI 00233867), 42 (AMNH_PBI 00233761-AMNH_PBI
00233764) (ZISP) - 05 Jul 1943, A. N. Kiritshenko, 19 (AMNH_PBI 00233760)
(ZISP) « 10 Jun 1955, Zakieva, 19 (AMNH_PBI 00233769) (ZISP) + 16 Jun 1955,
Lopatin, 19 (AMNH_PBI 00233758) (ZISP) « 08 Jul 1955, Lopatin, 14 (AMNH_
PBI 00233864), 29 (AMNH_PBI 00233756, AMNH_PBI 00233757) (ZISP) -
09 Jul 1955, Lopatin, 14 (AMNH_PBI 00233865), 19 (AMNH_PBI 00233759)
(ZISP) « 13 Jun 1956, Denisova and Ivanova, 3¢ (AMNH_PBI 00233765-AMNH_
PBI 00233767) (ZISP) + 28 Jun 1956, Kiriyanova, 22 (AMNH_PBI 00233770,
AMNH_PBI 00233771) (ZISP). UzBEKISTAN * Angren River, 15 km NO Angren,
41.1°N, 70.3°E, 18 Jun 1966, |I. M. Kerzhner, 4@ (AMNH_PBI 00233868-AMNH_
PBI 00233871), 84 (AMNH_PBI 00233868-AMNH_PBI 00233871) (ZISP) -
Karzhantau Mt. Ridge, 41.73333°N, 70.03333°E, 01 Jul 1939, Obukhova, Salix
wilhelmsiana (Salicaceae), 12 (AMNH_PBI 00233773) (ZISP) « Tugay Ugama,
Karzhantau Mt. Ridge, 41.73333°N, 70.03333°E, 17 Jul 1939, Obukhova, Sa-
lix sp. (Salicaceae), 48 (AMNH_PBI 00233875-AMNH_PBI 00233878), 19
(AMNH_PBI 00233772) (ZISP).

Other specimens examined: TAJIKISTAN « 6 km W Kuibyshevsk, Valley
of Vakhsh River, 37.96666°N, 68.75°E, 14 Jul 1943, A. N. Kiritshenko, 19

ZooKeys 1211: 57-100 (2024), DOI: 10.3897/zookeys.1211.129660 81



Fedor V. Konstantinov & Reza Hosseini: Review of Salicarus

C dorsal labiate plate D posterior wall E vestibulum F S. halimodendri, posterior wall G, H S. roseri: G dorsal labiate plate
H vestibulum.
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(AMNH_PBI 00233774) (ZISP). TURKMENISTAN * Charshanga, 30 km W Kelif,
37.5°N, 66.015°E, 07 Jun 1934, Bregetova, 29 (AMNH_PBI 00233775, AMNH_
PBI 00233776) (ZISP). UzBEKISTAN - Karzhantau Mt. Ridge, 41.73333°N,
70.03333°E, 01 Jul 1939, Obukhova, Salix wilhelmsiana (Salicaceae), 18
(AMNH_PBI 00233879) (ZISP).

Diagnosis. Recognized by the following combination of characters: Body
oval, total length 3.0-3.7; antenna uniformly pale yellow, with thin segment I
(Fig. 4A, B), coloration of dorsum variable, ranging from entirely or largely brown
to pale yellow with darkened basal margin of pronotum (Fig. 1A—F); hemelytron
clothed with a mixture of short adpressed simple setae and scarce, narrow,
apically acuminate, silvery scale-like setae (Fig. 4C); pronotum and scutellum
with short simple setae only; apical blades of vesica robust, almost straight,
and parallel each other (Fig. 7A, B).

Salicarus concinnus is most similar in size, body proportions, vestiture, and
vesica structure to S. roseri and S. urnammu. The vestiture of the dorsum in all
three species is mainly composed of short, adpressed simple setae, with the
addition of scarce, narrow, apically acuminate scale-like setae on the hemely-
tron in the case of S. concinnus and S. urnammu. In S. roseri, scale-like setae
are present on the thoracic pleura only. The color pattern of the dorsum in these
species is highly variable, although in S. concinnus, it tends to be more uniform,
frequently being either dark brown with a yellowish vertex or whitish yellow with
a darkened posterior margin of the pronotum. In contrast, in dark specimens of
S. urnammu and pale specimens of S. roseri, the anterior part of the pronotum
is most frequently darkened, and the hemelytron usually has a more or less
darkened endocorium (Figs 2F-I, 3A-D). The vesica in these species is rela-
tively large, with short and robust, knife-shaped apical blades. However, in both
S. roseri and S. urnammu, the apical blades of the vesica are apically diverging
(Fig. 7G-J), while they are parallel to each other in S. concinnus (Fig. 7A, B).

Redescription. Male. Coloration. Variable, ranging from entirely or large-
ly brown to pale yellow with darkened basal margin of pronotum (Fig. TA-C).
Head: Brown, with narrow whitish edging along eyes gradually expanding to-
wards vertex to whitish yellow, with large brown spot on frons, sometimes uni-
formly whitish yellow; vertex always whitish entirely or along posterior margin;
antenna uniformly pale yellow; labrum dirty yellow; entire labium brown even in
pale specimens, with dark brown segment IV. Thorax: Pronotum dorsally ranging
from brown, darker towards base, to pale yellow, with narrowly brown posterior
margin; lateral sides of pronotum uniformly brown to pale yellow with narrow
brown edging; exposed part of mesonotum and scutellum from uniformly brown
to pale yellow, sides of mesonotum sometimes with orange tinge. Hemelytron
uniformly brown, pale brown or whitish yellow; membrane pale brown, semi-
transparent. Coxae entirely or basally brown; femora always brown in basal two-
thirds, with pale yellow apices; tibiae and tarsi uniformly pale yellow. Thoracic
pleura always brown to dark brown. Abdomen: Uniformly brown to dark brown.

Surface and vestiture. Dorsum smooth, shiny. Pronotum, scutellum, and
hemelytron with short, subequal in length to scale-like setae on hemelytron,
adpressed simple setae, usually dark brown, sometimes yellowish; hemelytron
additionally with silver scale-like setae; thoracic pleurites clothed with dense
scale-like setae only (Fig. 4A-C); appendages and abdomen with thin and
short, adpressed, whitish simple setae; tibial spines black.
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Structure. Body oval, 2.4-2.8x as long as posterior width of pronotum, to-
tal length 3.0-3.7; head vertical, rather vide, slightly protruding beyond eyes
anteriorly and ventrally; vertex flat, posteriorly attenuate and covering anterior
margin of pronotum, 2.1-2.3x as wide as eye; frons weakly convex; clypeus
flat, not visible in dorsal view; antennal segment Il thin and short, 0.5-0.6x as
long as posterior width of pronotum, 0.9x as long as width of head; pronotum
with broadly rounded anterior and posterior corners, 1.9-2.1x as wide as long,
1.5-1.6% as wide as head.

Genitalia. Right paramere oval, ~ 1.9x as long as wide, with basal part broad-
ly rounded and expanded proximally beyond basal process; apical process
comparatively short, subrectangular (Fig. 9A). Left paramere with long, thin,
and straight apical process and relatively thin, apically broadly rounded sensory
lobe (Fig. 9B). Vesica relatively large, with almost straight, robust and parallel
subapical blades (Fig. 7A, B).

Female. Coloration, surface and vestiture. As in male (Fig. 1D—F). Structure.
Similar to male, body 2.3-2.6x as long as posterior width of pronotum; total
length 3.0-3.5; vertex 2.3-2.6x as wide as eye; antennal segment Il 0.5x as
long as posterior width of pronotum, 0.8—0.9x as long as width of head; prono-
tum 2.0-2.2x as wide as long, 1.5-1.7x as wide as head.

Genitalia. Dorsal labiate plate with large and broadly oval sclerotized rings
(Fig. 10A). Vestibulum S-shaped, thin (Fig. 10B).

Distribution. Central Asia. Known from Southern Kazakhstan, Kyrgyzstan,
Tajikistan, Turkmenistan, and Uzbekistan (Putshkov 1977).

Hosts. Feeds on fructiferous Salix spp. (Putshkov 1977).

Salicarus roseri (Herrich-Schaeffer, 1838)
Figs 2F-1, 4J-L, 6D-F, 7G, H, 9D-F, 10G, H

Capsus roseri Herrich-Schaeffer, 1838: 78.

Capsus geniculatus Stal, 1858: 355 (synonymized by Thomson 1871: 449).

Capsus saliceticola Stal, 1858: 355 (synonymized by Thomson 1871: 449).

Sthenarus vittatus Fieber, 1858: 339 (synonymized by Puton 1875: 44).

Sthenarus roseri: Fieber (1861): 309 (description); Reuter (1878): 47 (descrip-
tion, key); Southwood and Leston (1959): 233 (description, key).

Plagiognathus (Sthenarus) roseri: Reuter (1875): 178 (description).

Lygus roseri: Vollenhoven (1875): 93 (description).

Sthenarus (Phoenicocoris) roseri: Wagner (1958): 412 (description, figures);
Wagner and Weber (1964): 437 (description, figures, key).

Salicarus roseri: Kerzhner (1962): 381 (new combination, description, figures);
Kerzhner (1964): 996 (key, figures); Schwartz and Stonedahl (2004): 12 (dis-
cussion, figures, SEM); Konstantinov (2023): 874 (figures, discussion).

Sthenarus (Salicarius (sic!)) roseri: Wagner (1975a): 101 (description, figures, key).

Material examined. BELARUS - Korolevo nr Vitebsk, 55.13333°N, 30.5°E, 08 Jul
1905, Birulya, 13 (AMNH_PBI 00233591) (ZISP). BULGARIA - Srouma River Valley,
Topolnitsa Vill., 41.41607°N, 23.31772°E, 07 Jun 2014, Simov N., 14 (AMNH_PBI
00341036) (ZISP). GEORGIA - Benara, 19 km W Akhaltsykhe, 41.65°N, 42.815°E,
10 Jun 1949, A. N. Kiritshenko, Salix sp. (Salicaceae), 14 (AMNH_PBI 00233544)
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(ZISP) « 14 Jun 1949, A. N. Kiritshenko, 14 (AMNH_PBI 00233545), 19 (AMNH_
PBI00233472) (ZISP) + 17 Jun 1949, A. N. Kiritshenko, 44 (AMNH_PBI 00233546-
AMNH_PBI 00233549), 42 (AMNH_PBI 00233473-AMNH_PBI 00233476) (ZISP)
+18Jun 1949, A. N. Kiritshenko, 39 (AMNH_PBI00233477-AMNH_PBI 00233479),
43 (AMNH_PBI 00233550-AMNH_PBI 00233553) (ZISP) + 19 Jun 1949, A. N.
Kiritshenko, 33 (AMNH_PBI 00233554-AMNH_PBI 00233556), 69 (AMNH_PBI
00233480-AMNH_PBI 00233485) (ZISP) + 20 Jun 1949, A. N. Kiritshenko, 69
(AMNH_PBI 00233486-AMNH_PBI 00233491), 114 (AMNH_PBI 00233557-
AMNH_PBI 00233567) (ZISP) + 22 Jun 1949, A. N. Kiritshenko, 13 (AMNH_PBI
00233568), 19 (AMNH_PBI 00233492) (ZISP) + 23 Jun 1949, A. N. Kiritshenko,
49 (AMNH_PBI 00233493-AMNH_PBI 00233496), 34 (AMNH_PBI 00233569-
AMNH_PBI 00233571) (ZISP) + 25 Jun 1949, A. N. Kiritshenko, 3¢ (AMNH_PBI
00233497-AMNH_PBI 00233499) (ZISP) + Borzhomi [Borzhom] Tiflis Dist.,
41.83333°N, 43.36666°E, 1867, A. Brandt, 19 (AMNH_PBI 00233913) (ZISP).
MoNGoLIA + Central Aimak: Toola river, between Gachurin and Khuantey, NE of
Ulaanbaator [Urga], 47.933°N, 107.165°E, 04 Jul 1897, Klements, 19 (AMNH_PBI
00233916) (ZISP) « South Govi Aimak: Nr Muna-Ula Mt., Jun 1871, Przhevalskiy,
29 (AMNH_PBI 00233918, AMNH_PBI 00233919) (ZISP) - South Hangay Aimak:
Lamyn-gegen, SE Khangay, 22 Jul 1926, A. N. Kiritshenko, 19 (AMNH_PBI
00233928) (ZISP). PoLAND * Khabirov, Kalish Dist., 51.75°N, 18.08333°E, 19 Jun
1908, Yachevskiy, 14 (AMNH_PBI 00233837), 19 (AMNH_PBI 00233990) (ZISP)
+ 31 Jul 1908, Yachevskiy, 23 (AMNH_PBI 00233835, AMNH_PBI 00233836)
(ZISP). RussiAN FEDERATION - Altai Terr.: Tigirekskiy National Reserve, 51.05°N,
82.98333°E, 26 Jun 2005, A. Namyatova, 29 (AMNH_PBI 00233941, AMNH_PBI
00233942) (ZISP) - 03 Jul 2005, A. Namyatova, 13 (AMNH_PBI 00233823) (ZISP)
« Amur Prov.: Klimoutsy, 40 km W of Svobodnyi, 51.4667°N, 127.5833°E, 242 m,
13 Jul 1959, I. M. Kerzhner, 13 (AMNH_PBI 00233931) Salix spp. (Salicaceae),
14 (AMNH_PBI 00233932) (ZISP) * 14 Jul 1959, I. M. Kerzhner, Salix spp. (Salica-
ceae), 14 (AMNH_PBI 00233816) (ZISP) + 15 Jul 1959, I. M. Kerzhner, 14 (AMNH_
PBI 00233933) (ZISP) - Korsakovo on Amur River, 51.33333°N, 126.95°E, 25 Jul
1959, I. M. Kerzhner, 14 (AMNH_PBI 00233934) (ZISP) - Arkhangelsk Prov.: Left
bank of Severnaya Dvina River, oppos. Kotlas, 61.25°N, 46.51666°E, 06 Aug 1942,
Stark, 13 (AMNH_PBI 00233818) (ZISP) * 14 Aug 1942, Stark, 19 (AMNH_PBI
00233937) (ZISP) « Chelyabinsk Prov.: Tract nr Troitsk Region, Magnitogorsk Dis-
tr, 54.108°N, 61.568°E, 07 Jun 1927, Shelud’ko, 19 (AMNH_PBI 00233917) (ZISP)
« Irkutsk Prov.: Irkutsk, 52.31666°N, 104.23333°E, Yakovlev, 39 (AMNH_PBI
00233962, AMNH_PBI 00233513, AMNH_PBI 00233514), 13 (AMNH_PBI
00233578) (ZISP) « 18 Jul 1961, Kulik, Salix sp. (Salicaceae), 209 (AMNH_PBI
00233969-AMNH_PBI 00233972, AMNH_PBI 00233510-AMNH_PBI 00233512),
73 (AMNH_PBI 00233575-AMNH_PBI 00233577) (ZISP) « Padun on Verkhnyaya
Tunguska River, 56.28333°N, 101.71667°E, 1867, A. Czekanowski, 19 (AMNH_
PBI 00233924) (ZISP) - Kamchatka Terr.: Klyuchevskoe on the Kamchatka River,
56.3°N, 160.83333°E, 09 Jul 1908, Bianchi, 19 (AMNH_PBI 00233910) (ZISP) -
Khabarovsk Terr.: Troitskoe, bank of Amur river, Primor’e, 49.43333°N, 136.55°E,
10 Jun 1909, Efremov, 19 (AMNH_PBI 00233940) (ZISP) « Krasnodar Terr.:
Slavyansk-na-Kubani [Slavyanskaya], lower course of Kuban river, 45.23333°N,
38.11666°E, 12 Jul 1937, Rysakov, 19 (AMNH_PBI 00233979), 14 (AMNH_PBI
00233819) (ZISP) - Tuapse, 44.1°N, 39.08333°E, 13 Jul 1911, W. Pliginskiy, 13
(AMNH_PBI 00233822) (ZISP) * Krasnoyarsk Terr.: Krasnoyarsk, 56.00972°N,
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92.79167°E, 03 Aug 1924, Vinogradov, 19 (AMNH_PBI 00233912) (ZISP) « Lenin-
grad Prov.: Bank of Tosna River nr Sablino, 59.62°N, 30.81°E, 12 Aug 1922, A. N.
Kiritshenko, 14 (AMNH_PBI 00233814) (ZISP) - Bolshie Izhory [Bol'shiye 1zori],
58.7986°N, 30.0786°E, 57 m, 16 Jun 1917, Bianchi, 19 (AMNH_PBI 00233980),
148 (AMNH_PBI 00233593) (ZISP) ¢ Ivanovskoe on Neva River, 59.75°N,
30.76666°E, 20 Jul 1931, Lyubishchev, 19 (AMNH_PBI 00233976) (ZISP) « Novyy
Petergof [Petrodvorets], 59.86666°N, 29.91666°E, 09 Jul 1896, Chekini, 13
(AMNH_PBI 00233587) (ZISP) - Shuvalovo, 60.05°N, 30.3°E, 25 May 1897, Jakob-
son, 19 (AMNH_PBI 00233921) (ZISP) + 05 Jun 1897-08 Jun 1897, Jakobson,
19 (AMNH_PBI 00233922) (ZISP) + 04 Jul 1897, Jakobson, 19 (AMNH_PBI
00233961) (ZISP) - St.-Petersburg [Petrograd, Leningrad], 59.935°N, 30.31°E,
1869, Solskiy, 89 (AMNH_PBI 00233964, AMNH_PBI 00233966, AMNH_PBI
00233590) (ZISP) - Udel'naya, 60.016°N, 30.318°E, 20 Jun 1916, Knyazhetskiy,
19 (AMNH_PBI 00233923) (ZISP) « Moscow Prov.: Belye Kolodezi, Kolomna dis-
tr, 54.91889°N, 38.69139°E, 08 Jun 1903, G.A. Kozhevnikov, 19 (AMNH_PBI
00233963) (ZISP) * Nizhegorod Prov.: Pamyati Parizhskoi Kommuny inlet,
56.099°N, 44.516°E, 12 Jul 1979, Khrynova, 14 (AMNH_PBI 00233820) (ZISP) -
North Ossetia Rep.: Vladikavkaz, 43.01666°N, 44.66666°E, 11 Jul 1925, A. N. Kirit-
shenko, 19 (AMNH_PBI 00233929), 14 (AMNH_PBI 00233930) (ZISP) - Oren-
burg Prov.: Nr Orenburg, 51.76666°N, 55.1°E, 18 Jun 1924, A.l. lvanov, 14 (AMNH_
PBI 00233821) (ZISP) - Perm Terr.: Perm, 58.01666°N, 56.3°E, 1925, Lubischey,
19 (AMNH_PBI 00233977) (ZISP) * Primorsky Terr.: Tal'bomogi, Tumen’-Ula, Rus-
sia-Korean boundary, 42.4144°N, 130.6486°E, 07 Jul 1913, Cherskiy, 13 (AMNH_
PBI 00233586), 19 (AMNH_PBI 00233914) (ZISP) -+ Vinogradovka, 46.2°N,
134.4°E, 05 Jul 1929, A. N. Kiritshenko, 19 (AMNH_PBI 00233926) (ZISP) + 07 Jul
1929, A. N. Kiritshenko, 14 (AMNH_PBI 00233813) (ZISP) + 09 Jul 1929, A. N.
Kiritshenko, 19 (AMNH_PBI 00233927) (ZISP) - Yakovlevka, 44.4°N, 133.45°E, 28
Jun 1926, Dyakonov & Filip’ev, 19 (AMNH_PBI 00233939) (ZISP) * Rostov Prov.:
Rostov-na-Donu, 47.21666°N, 39.7°E, 29 Jun 1928, Unknown collector, 19
(AMNH_PBI 00233960) (ZISP) - Samara Prov.: Krasnaya Glinka, 25 km of Samara,
53.33333°N, 50.18333°E, 08 Jul 1928, Lubischev, 32 (AMNH_PBI 00233973-
AMNH_PBI 00233975), 234 (AMNH_PBI 00233588, AMNH_PBI 00233589) (ZISP)
« Tambov Prov.: Michurinsk [Kozlov], 52.88333°N, 40.46666°E, W. H. Lange, 6&
(AMNH_PBI 00233831, AMNH_PBI 00233584, AMNH_PBI 00233585), 29
(AMNH_PBI 00233831) (ZISP) - Volgograd Prov.: Krasnoarmeysk [former Sarep-
ta], 48.5°N, 44.48333°E, V. Jakovlev coll., 29 (AMNH_PBI 00233515, AMNH_PBI
00233516) (ZISP) * Voronezh Prov.: Nr Ramon’, 51.91666°N, 39.31666°E, 15 Jun
1984, Golub, 12 (AMNH_PBI 00233938) (ZISP) - Yakutia Rep.: Balagannakh, 30
km ESE of Ust-Nera, 64.498°N, 143.857°E, 04 Jul 1974, N.N. Vinokurov, 39
(AMNH_PBI 00233507-AMNH_PBI 00233509) (ZISP) - Batagay on Yana river, NE
Yakutia (80 km E Verkhoyansk), 67.65°N, 134.63333°E, 12 Jul 1957, Semenov, 18
(AMNH_PBI 00233817), 29 (AMNH_PBI 00233935, AMNH_PBI 00233936)
(ZISP) « Khokhur-terde on Amga river, 60.7°N, 131.6°E, 05 Aug 1925, Bianchi, 19
(AMNH_PBI 00233911) (ZISP) - Left bank of Yana River nr Verkhoyansk, 67.55°N,
133.36666°E, 21 Jul 1974, N.N. Vinokurov, 3¢ (AMNH_PBI 00233572-AMNH_PBI
00233574), 79 (AMNH_PBI 00233500-AMNH_PBI 00233506) (ZISP) * Yama-
lo-Nenets Distr.: Tal'bey on Adz'va River, 68.086°N, 72.048°E, Zhuravskiy, 19
(AMNH_PBI 00233915) (ZISP) - Yaroslavl Prov.: Nizhniy Isl., Yaroslavl’ distr.,
57.482°N, 40.1°E, 19 Jun 1896, Unknown collector, 74 (AMNH_PBI 00233830,
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AMNH_PBI 00233580-AMNH_PBI 00233582), 6% (AMNH_PBI 00233830,
AMNH_PBI 00233957, AMNH_PBI 00233958, AMNH_PBI 00233582) (ZISP) *
Zhukov Isl., Jaroslavl’ distr., 57.482°N, 40.1°E, 05 Jul 1896, Unknown collector, 19
(AMNH_PBI 00233956), 14 (AMNH_PBI 00233583) (ZISP). UKRAINE * Pyatikhat-
ka, Oktyabr'skiy Dist., 45.3°N, 34.26666°E, 28 Jun 1952, Loginova, 94 (AMNH_PBI
00233824, AMNH_PBI 00233825, AMNH_PBI 00233806-AMNH_PBI 00233812),
112 (AMNH_PBI 00233943-AMNH_PBI 00233950, AMNH_PBI 00233981-
AMNH_PBI 00233983) (ZISP) * Near Salgir river, 44.95°N, 34.08333°E, 22 Jun
1924, A. N. Kiritshenko, 19 (AMNH_PBI 00233986) (ZISP) * 24 Jun 1924, A. N.
Kiritshenko, 34 (AMNH_PBI 00233827-AMNH_PBI 00233829), 12 (AMNH_PBI
00233951) (ZISP) + 14 Jul 1924, A. N. Kiritshenko, 14 (AMNH_PBI 00233826), 29
(AMNH_PBI 00233984, AMNH_PBI 00233985) (ZISP) - Cherkasy, 49.436°N,
32.084°E, 18 Jun 1931, Lubischev, 14 (AMNH_PBI 00233843) (ZISP) * Izmail,
Bessarabiya, 45.35°N, 28.83333°E, 09 Jun 1911, Chernavin, 19 (AMNH_PBI
00233925) (ZISP) - Kamyshany [Arnautka] nr Kherson, 46.61666°N, 32.48333°E,
18 May 1939, Nikolaev, 14 (AMNH_PBI 00233592) (ZISP) « Korobov on Donets
river, 7 km of Zmiev, 49.5889°N, 36.3428°E, 06 Jul 1955-07 Jul 1955, L.V. Arnoldi,
19 (AMNH_PBI 00233959) (ZISP) + Korsunskiy monastyr’, cursus inf. fl. Dnepr.,
46.7167°N, 33.2167°E, 02 Aug 1928, S. |. Medvedev, 19 (AMNH_PBI 00233978)
(ZISP) + Kozin [Koncha-Zaspa] nr Kiev, 50.21666°N, 30.63333°E, 12 Jul 1932, S. I.
Medvedev, 29 (AMNH_PBI 00233988, AMNH_PBI 00233989), 15 (AMNH_PBI
00233842) (ZISP) + Odessa, Khadzhib liman, 46.46666°N, 30.71666°E, 09 Jun
1920, A. N. Kiritshenko, 49 (AMNH_PBI 00233952-AMNH_PBI 00233954, AMNH_
PBI 00233815) (ZISP) - Provalye, 48.16666°N, 39.83333°E, 01 Jul 1947, S. |. Med-
vedev, 14 (AMNH_PBI 00233838) (ZISP) - Stanitsa Luganskaya nr Lugansk,
48.65°N, 39.48333°E, 26 Jul 1927, FK. Lukjanovitsh, 19 (AMNH_PBI 00233992)
(ZISP) « Verkhovka [former Mahilyow uezd], 48.9°N, 27.65°E, 10 Jun 1901, Cheki-
ni, 19 (AMNH_PBI 00233967) (ZISP) - Vilkovo, Izmail Distr, Bessarabiya,
45.406°N, 29.589°E, 30 May 1911, Chernavin, 19 (AMNH_PBI 00233987) (ZISP).

Diagnosis. Recognized by the following characters: body oval, total length
3.4-4.0; antennal segment | brown, segment Il thin, brown or at least with dark-
ened base and apex (Fig. 4G, K); Color-pattern variable, ranging from uniformly
dark brown to pale yellow, with more or less darkened head, pronotum, and
endocorium (Fig. 2E-1); dorsum devoid of scale-like setae, clothed exclusively
with short, strongly adpressed slivery simple setae (Figs 4L, 6E); apical blades
of vesica short and robust, straight, apically diverging (Fig. 7G, H).

Salicarus roseri easily differs from congeners by the absence of scale-like
setae on dorsum. It further differs by having short, robust, straight, and slightly
diverging apical blades of the vesica, being most similar to S. urnammu in this
respect, although the blades in the latter species are shorter.

Redescription. Male. Coloration. Highly variable, dorsum ranging from uni-
formly dark brown to pale yellow, with somewhat darkened head (Fig. 2E, F);
pale specimens typically with widely darkened endocorium and partly or en-
tirely dark brown pronotum and scutellum, rarely without any dark markings on
dorsum. Head: Entirely dark brown to brown, sometimes with yellow or orange
vertex and edging along inner margins of eyes; antennal segment | dark brown
to yellow, segment Il dark brown to yellow with darkened apex, segments Il and
IV usually dirty yellow, sometimes brown; labium usually dark brown, pale brown
to dirty yellow in the palest specimens. Thorax: Pronotum from uniformly dark
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or chestnut brown to whitish yellow, frequently with reddish tinge, in pale speci-
mens usually with dark markings on calli and darkened posterior margin, rarely
uniformly whitish; scutellum usually dark brown, rarely dirty yellow or orange;
hemelytron ranging from uniformly dark brown to whitish yellow, pale speci-
mens typically with entirely yellow or whitish clavus, partly or entirely yellow
exocorium, largely darkened endocorium, and yellow or orange cuneus, mem-
brane uniformly dark to pale brown, semitransparent; thoracic pleura usually
dark brown, rarely dorsally or entirely yellow; coxae dark brown to brown, fem-
ora in dark specimens brown with yellowish apical halves or at least extreme
apices, in pale specimens entirely yellow, frequently with reddish tinge, tibiae
yellow, tarsi yellow ort apically darkened. Abdomen: Dark brown to yellow.

Surface and vestiture. Dorsum shiny, head and pronotum smooth, scutel-
lum and hemelytron weakly rugose (Fig. 4J-L); clothed with short, strongly ad-
pressed, simple silvery setae, sparse on vertex and pronotum, dense on scute-
llum and hemelytron; antenna, legs, and abdomen with similar but somewhat
longer simple setae; thoracic pleurites with dense, narrow, apically acuminate
silvery scale-like setae above scent gland evaporatory area; pronotum with a
pair of black erect bristle-like setae at anterior corners; femora with several
similar black setae dorso-apically; tibial spines black.

Structure. Body oval, 2.6-2.9x as long as width of pronotum at base, total
length 3.6—4.0; head vertical, rather vide, slightly protruding beyond eyes anteri-
orly and ventrally; vertex flat, posteriorly attenuate and covering anterior margin
of pronotum, 1.8-1.9x as wide as eye; antennal segment Il at base distinctly
thinner than segment |, slightly dilating apically, comparatively short, 0.5-0.6x
as long as basal width of pronotum, 0.8-0.9x as long as width of head; prono-
tum with broadly rounded anterior and posterior corners, 2.0—-2.2x as wide as
long, 1.5-1.7x as wide as head.

Genitalia. Right paramere elongate-oval, ~ 2.5x as long as wide, with long,
straight and apically blunt apical process (Fig. 9P). Left paramere with long and
straight apical process, and elongate, comparatively thin, slightly upturned sen-
sory lobe (Fig. 9Q). Vesica large and strongly sclerotized, with straight, short
and robust, diverging apical blades (Fig. 7G, H).

Female. Coloration, surface and vestiture. As in male (Fig. 2G-1). Structure.
Similar to male, body 2.5-2.8x as long as posterior width of pronotum; total
length 3.4-3.9; vertex 1.8—-2.0x as wide as eye; antennal segment Il 0.4-0.5x
as long as posterior width of pronotum, 0.7-0.9x as long as width of head; pro-
notum 2.0-2.3x as wide as long, 1.5-1.6x as wide as head.

Genitalia. Sclerotized rings of dorsal labiate late large, broadly oval (Fig. 10G).
Vestibulum thin, S-shaped (Fig. 10H).

Distribution. Widely distributed in the Palearctic, including almost the en-
tire Europe, extending eastward to the Khabarovsk and Kamchatka territories
in Russia, and southward to Spain, Italy, Greece, Turkey, Transcaucasia, Iran,
Turkmenistan, Kazakhstan, Mongolia, and Inner Mongolia of China. To the
north, it extends to the central Fennoscandia, Karelia, Arkhangelsk and Komi
Provinces, the southern Yamalo-Nenets district, southern Krasnoyarsk Terri-
tory, southern and central Yakutia, and Magadan Territory (Vinokurov et al.
2010; Aukema 2024).

Host. Confined to Salix spp. (Southwood and Leston 1959; Kerzhner 1962;
Goliner-Scheiding 1974).
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Salicarus urnammu Linnavuori, 1984
Figs 3A-D, 4 M-0, 71, J, 9S-U

Salicarius [sic!] urnammu Linnavuori, 1984: 51.
Salicarus urnammu: Konstantinov (2023): 874 (figures, discussion).

Material examined. ARMENIA - Aralykh, 40.11722°N, 44.27055°E, 07 Jun 1911,
K. Satunin, 38 (AMNH_PBI 00233861, AMNH_PBI 00233862, AMNH_PBI
00233858) (ZISP). AZERBAIJAN * Arpa-chay River, 39.4675°N, 44.93444°E, 03
Jul 1937-05 Jul 1937, Ryabov, 14 (AMNH_PBI 00233755) (ZISP). IRAN * Ard-
abil Prov.: 10 km W Khalkhal, 37.6179°N, 48.522°E, 08 Jul 2002-09 Jul 2002, R.
&S. Linnavuori, 29 (ZISP_ENT 00011858, ZISP_ENT 00011859) (NMWC) * Ask-
estan-Site, 1 37°28'N, 48°39'E, 11 Jul 2022, R. Hosseini 43 29 (UGNHM) -« Givi-
Khalkhal-Site, 2 37°41'N, 48°30'E, 9 Jul.2022, R. Hosseini, 74 59 (UGNHM) -
Majareh-Site 3,37°33'N, 48°36'E, 23 Jul 2022, R. Hosseini 19 (UGNHM) - Poonel
Khalkhal-Site 3, 37°34'N, 48°39'E 27 Jun 2022, R. Hosseini, 6 39 (UGNHM) -
Guilan Prov.: Lur-Site 5,36°51'N, 49°53'E, 13 Jun 2022, R. Hosseini, 1Q (UGNHM)
- Malumeh-Site 1,36°51'N, 49°55'E, 11 Jun 2022, R. Hosseini, 143 59 (UGNHM)
* Malumeh-Site 3,36°51'N, 49°55'E, 11 Jun 2022, R. Hosseini, 83 109 (UGNHM)
« Tehran Prov.: Shahrestanak, 60 km NE Karaj, 34.8508°N, 50.4544°E, 2100 m,
10 Jul 2005-12 Jul 2005, R. Linnavuori, 23 (ZISP_ENT 00011863), 29 (ZISP_
ENT 00011863) (NMWC). IRAQ * Sulaymaniyah nr Halabja, 35.555°N, 45.479°E,
11 Jun 1980, R. Linnavuori, 34" (ZISP_ENT 00011857, ZISP_ENT 00011860,
ZISP_ENT 00011862), 19 (ZISP_ENT 00011861) (NMWC), 19 (AMNH_PBI
00233754) (ZISP). TURKMENISTAN * Garrygala [Kara-Kala], 38.41666°N, 56.25°E,
20 May 1952, Kryzhanovskij, 14 (AMNH_PBI 00233859) (ZISP).

Diagnosis. Recognized by the oval body, total length male 3.5-3.8; female
3.2-3.5; antenna typically yellow, in dark specimens segments | and Il partly
brown, segment |l thin (Fig. 4M, N); Dorsum yellow, frequently with orange tinge,
sometimes with partly brown pronotum, scutellum, and endocorium (Fig. 3A-
D); vestiture composed of short, strongly adpressed simple silvery setae, dense
on scutellum and hemelytron but scarce on vertex and pronotum; hemelytron
additionally with scarce, narrow, apically acuminate scale-like setae (Fig. 40);
apical blades of vesica short and robust, straight, apically diverging (Fig. 71, J).

Salicarus urnammu is most similar to S. concinnus and S. roseri but can usu-
ally be distinguished from these species by the color pattern. It further differs
from S. roseri by the presence of scale-like setae on the hemelytron, and from
S. concinnus by the diverging apical blades of the vesica. Refer to the diagno-
ses of these species for additional discussion.

Redescription. Male. Coloration. Variable, ranging from yellow, frequently with
orange tinge, sometimes with partly brown pronotum, scutellum, and endocori-
um to almost unofrmly dark brown, with yellow base of hemelytron and cuneus
(Fig. 3A, B). Head: Orange-yellow, usually with whitish vertex and somewhat dark-
ened clypeus (Fig. 4M, N); in dark specimens dirty yellow, with dark brown clypeus,
brown mandibular and maxillary plate, and largely brown frons, sometimes uni-
formly dark brown; antenna typically yellow, in dark specimens segment | partly
or entirely brown, segment Il basally and/or apically, sometimes entirely brown;
labium orange-yellow to brown, apex of segment IV dark brown. Thorax: Pronotum
from yellow to uniformly dark brown, frequently yellow with reddish tinge and brown
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diffuse spots on calli and darkened posterior margin; scutellum usually orange-yel-
low, entirely brown in dark specimens; hemelytron usually whitish yellow, usually
with large wedge-shaped brown spot occupying entire exocorium except base, in
dark specimens entire clavus and corium except base dark brown, cuneus dirty
yellow; membrane pale brown, semitransparent; thoracic pleura orange-yellow to
dark brown; legs typically orange-yellow, without any color pattern, in dark speci-
mens femora more or less brown, with yellow apices, tibiae with minute spots at
bases of tibial spines. Abdomen: Orange-yellow, sometimes with darkened stripes
along apical margins of pregenital segments, or uniformly dark brown.

Surface and vestiture. Dorsum shiny, head and pronotum smooth, scutellum
and hemelytron weakly rugose; clothed with short, subequal in length to scale-
like setae on hemelytron, strongly adpressed, simple silvery setae, scarce on
vertex and pronotum, dense on scutellum and hemelytron; hemelytron addition-
ally with scarce, silvery, narrow, apically acuminate scale-like setae (Fig. 40);
thoracic pleurites with scarce silvery scale-like setae above scent gland evapo-
rative area; pronotum with a pair of brown erect bristle-like setae at anterior cor-
ners; femora with several similar brown setae dorso-apically; tibial spines black.

Structure. Body oval, 2.8-2.9x as long as posterior width of pronotum, total
length 3.5—-3.8; head vertical, rather vide, slightly protruding beyond eyes anteri-
orly and ventrally; vertex flat, posteriorly attenuate and covering anterior margin
of pronotum, 1.8-2.1x as wide as eye; antennal segment Il at base distinctly
thinner than segment |, slightly dilating apically, comparatively short, 0.5-0.6x
as long as posterior width of pronotum, 0.8—-0.9x as long as width of head; pro-
notum with broadly rounded anterior and posterior corners, 1.9-2.0x as wide
as long, 1.5x as wide as head.

Genitalia. Right paramere elongate-oval, ~ 2.4x as long as wide, with straight,
comparatively short, and blunt apical process (Fig. 9S). Right paramere with
thin straight apical process and triangular, apically broadly rounded sensory
lobe (Fig. 9T). Vesica large, with straight, short and robust, gradually diverging
apical blades (Fig. 7G, H).

Female. Coloration, surface and vestiture. As in male (Fig. 3C, D). Structure.
Similar to male, body 2.5-2.7x as long as posterior width of pronotum; total
length 3.2-3.5; vertex 1.9-2.2x as wide as eye; antennal segment Il 0.5-0.6x
as long as posterior width of pronotum, 0.7-0.9x as long as width of head; pro-
notum 2.0-2.1x as wide as long, 1.5-1.6x as wide as head.

Genitalia. Sclerotized rings of dorsal labiate plate large, broadly oval.

Distribution. Originally described from Iraq, this species was subsequently
found in Turkey, Transcaucasia, Iran, and Turkmenistan (Linnavuori 2007; Kon-
stantinov and Namyatova 2008).

Host. Salix spp. (Linnavuori 1984, 2007)

Salicarus fulvicornis species group

Salicarus fulvicornis (Jakovlev, 1889)
Figs 1G-I,4D-F, 6A-C, 7C-D, 9J-L

Agalliastes fulvicornis Jakovlev, 1889: 348.
Chlamydatus fulvicornis: Oshanin (1910): 932 (new comb., catalogue).
Phoenicocoris flagellatus Wagner (1967): 71 (syn. by Kerzhner 1997: 247).
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Salicarus fulvicornis: Vinokurov and Kanyukova (1995): 58 (new comb.);
Schwartz and Stonedahl (2004): 42, figs. 2, 26 (disc., SEM, MG, host); Lu et
al. (2011): 500, fig. 1 (descr., figs); Konstantinov (2023): 874 (phylogenetic
placement, figures, discussion).

Material examined. Lectotype of Agalliastes fulvicornis Jakovlev, 1889 - © MoN-
GOLIA: Selenge Aimak: Between Khara and Boroiin [Boro], 48.83°N, 106.195°E,
Yakovlev coll. (AMNH_PBI 00233377) (ZISP).

Paratypes of Phoenicocoris flagellatus Wagner 1967: MONGOLIA * Bayan
Olgiy Aimak: Chovd-gol, ~ 15 km E of Ulgij, 49.06666°N, 90.2°E, 1650 m, 28
Jul 1964-29 Jul 1964, Mongolisch - Deutsche Biolog. Exped., 33 (AMNH_PBI
00184011, AMNH_PBI 00340326, AMNH_PBI 00340327) (ZMUH).

Other specimens examined: MONGOLIA * Central Aimak: Nr Songiin [Songi-
no], SW of Ulaanbaatar, steppe, 47.81666°N, 106.66666°E, 18 Jun 1967, |. M.
Kerzhner, Caragana bungei (Fabaceae), 74 (AMNH_PBI 00233373-AMNH_PBI
00233376), 82 (AMNH_PBI 00233374, AMNH_PBI 00233447-AMNH_PBI
00233450) (ZISP) + 18 Jun 1967, Zaytsev, 3¢ (AMNH_PBI 00233520, AMNH_
PBI 00233521) (ZISP) - 01 Jul 1967, Zaytsev, 3¢ (AMNH_PBI 00233363-
AMNH_PBI 00233365), 19 (AMNH_PBI 00233432) (ZISP) + 01 Jul 1967, |. M.
Kerzhner, Caragana bungei (Fabaceae), 133 (AMNH_PBI 00233352-AMNH_PBI
00233362, AMNH_PBI 00266431, AMNH_PBI 00266433), 6@ (AMNH_PBI
00233427-AMNH_PBI 00233431, AMNH_PBI 00266432) (ZISP) + 01 Jul 1967,
Emeljanov, 34 (AMNH_PBI 00233366-AMNH_PBI 00233368), 59 (AMNH_PBI
00233433-AMNH_PBI 00233437) (ZISP) - Nothern mountainside of Bogdo Ula,
nr Ulan Bator, 47.81667°N, 107°E, 29 Jun 1967, |. M. Kerzhner, 43 (AMNH_PBI
00233369-AMNH_PBI 00233372), 92 (AMNH_PBI 00233438-AMNH_PBI
00233446) (ZISP) « South Hangay Aimak: Tuin-Gol river, middle Khalkhin-Gol
[Khalkha] river, 45.796°N, 100.807°E, 01 Aug 1926, A. N. Kiritshenko, 73 (AMNH
PBI 00233537-AMNH_PBI 00233543), 112 (AMNH_PBI 00233456-AMNH_
PBI 00233466) (ZISP) - Suhbaatar Aimak: 40 km SE of Barun-Urt, 46.426°N,
113.644°E, 14 Jul 1971, I. M. Kerzhner, 43 (AMNH_PBI 00233534, AMNH_PBI
00233535), 49 (AMNH_PBI 00233535, AMNH_PBI 00233453) (ZISP) - Dz-
otol-Khan-Ula Mt., 45.83333°N, 114.66667°E, 12 Jul 1971, I. M. Kerzhner, 13
(AMNH_PBI 00233536), 69 (AMNH_PBI 00233454, AMNH_PBI 00233455)
(ZISP) « Lun-Ula Mt., 30 km WNW of Ovoot [Dariganga], 45.393°N, 113.516°E,
07 Jul 1971, Emeljanov, 6& (AMNH_PBI 00233523-AMNH_PBI 00233526), 49
(AMNH_PBI 00233524, AMNH_PBI 00233526, AMNH_PBI 00233452) (ZISP) -
Mt. Dzun-Nert, 20 km NE of Dariganga, 45.47°N, 114°E, 09 Jul 1971, Emeljan-
ov, 14 (AMNH_PBI 00233522), 19 (AMNH_PBI 00233451) (ZISP) + Ongon-Els
Sands, 15 km SSE Hongor, 45.664°N, 112.819°E, 05 Jul 1971-06 Jul 1971, I.
M. Kerzhner, Caragana sp. (Fabaceae), 13 (AMNH), Caragana sp. (Fabaceae),
194 (AMNH_PBI 00233527-AMNH_PBI 00233533), 29 (AMNH_PBI 00233528,
AMNH_PBI 00233529) (ZISP). RussiAN FEDERATION * Altai Rep.: Kosh-Agach,
49.98333°N, 88.63333°E, 08 Jun 1907, N. W. Rodd, 1@ (AMNH_PBI 00233471)
(ZISP) + 05 Jul 1964, I. M. Kerzhner, 253 (AMNH_PBI 00233318-AMNH_PBI
00233342), 342 (AMNH_PBI 00233385-AMNH_PBI 00233397, AMNH_PBI
00233399-AMNH_PBI 00233419) Caragana spinosa (Fabaceae), 2 larvae
(AMNH_PBI 00233343, AMNH_PBI 00233344), 19 (AMNH_PBI 00233398)
(ZISP) + 10 Jul 1964, I. M. Kerzhner, 28 (AMNH_PBI 00233349, AMNH_PBI
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00233350), 39 (AMNH_PBI 00233423, AMNH_PBI 00233424, AMNH_PBI
00233426) Caragana spinosa (Fabaceae), 15 (AMNH_PBI 00233351), 12
(AMNH_PBI 00233425) (ZISP) « 22 Jul 1964, I. M. Kerzhner, Caragana bungei
(Fabaceae), 64 (AMNH_PBI 00233312-AMNH_PBI 00233317), 79 (AMNH_
PBI 00233378-AMNH_PBI 00233384) (ZISP) + 31 Jul 1964, |. M. Kerzhner, 47
(AMNH_PBI 00233345-AMNH_PBI 00233348), 39 (AMNH_PBI 00233420-
AMNH_PBI 00233422) (ZISP) - Buryatia Rep.: Kyakhta [former Troitskosavsk],
50.3508°N, 106.44939°E, 757 m, 27 Jul 1928, F.K. Lukjanovitsh, 49 (AMNH_PBI
00233467-AMNH_PBI 00233470) (ZISP).

Diagnosis. Recognized by the following combination of characters: Body in
male elongate, almost parallel sized, 3.1-3.6x as long as posterior width of pro-
notum, total length 3.7-4.0 (Fig. 11), female more stumpy, 2.4-2.5x as long as
posterior width of pronotum, total length 3.1-3.5 (Fig. 1G, H); dorsum uniformly
dark brown to brown; antenna pale brown to brown, segment | frequently dirty
yellow, segment Il thin, rod-shaped; entire dorsum except head clothed with a
mixture of narrow, apically acuminate silvery scales and dense, long, ~ 1.5x as
long as scales, adpressed simple setae (Fig. 4D-F); vesica small, with long,
thin, gradually curving and slightly diverging distally apical blades (Fig. 7C, D).

Salicarus fulvicornis is a distinctive species that can be easily distinguished
from its congeners. Females of this species may be confused with dark speci-
mens of S. concinnus and S. roseri. However, S. fulvicornis is easily differentiated
by the presence of flattened scales on the pronotum and scutellum, as well as by
the contrastingly long simple vestiture. It further differs from both species by hav-
ing long and thin apical blades of the vesica that slightly diverge from each other.

Redescription. Male. Coloration. Uniformly dark brown to brown (Fig. 11).
Head: Dark brown; antenna pale brown to brown, segment | frequently dirty
yellow; labium dark brown with black segment IV. Thorax: Pronotum, scutellum,
thoracic pleurites, and hemelytron uniformly dark brown to brown, membrane
pale brown, semitransparent; coxae dark brown, femora brown, sometimes with
pale brown apices; tibiae pale brown to dirty yellow, with minute dark brown
spots at bases of tibial spines; tarsi dirty yellow, apically darkened. Abdomen:
Uniformly dark brown.

Surface and vestiture. Dorsum smooth; pronotum, scutellum, and hemely-
tron clothed with a mixture of silvery, narrow, apically acuminate scale-like se-
tae and dense, long, ~ 1.5x as long as scales, adpressed, goldish yellow simple
setae, these setae on corium sometimes dark brown (Fig. 6C); thoracic pleur-
ites densely clothed exclusively with scale-like setae, while vertex antenna, legs,
and abdomen covered with goldish yellow simple setae only; tibial spines black.

Structure. Body elongate, almost parallel-sided, 3.1-3.6x as long as poste-
rior width of pronotum; total length 3.7-4.0; head vertical, slightly protruding
beyond eyes anteriorly and ventrally; vertex flat, posteriorly distinctly attenu-
ate and covering anterior margin of pronotum, 1.9-2.1x as wide as eye; frons
weakly convex; clypeus flat, barely visible in dorsal view; antennal segment |l
rod-shaped, slightly thinner than segment |, comparatively long, 0.7-0.8x as
long as posterior width of pronotum, 1.0—1.1x as long as width of head; prono-
tum with broadly rounded anterior and posterior corners, 2.0-2.4x as wide as
long, 1.5-1.6x as wide as head.

Genitalia. Right paramere elongate-oval, not expanded proximally beyond
basal process, with long, straight, apically blunt apical process (Fig. 9J). Right
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paramere with straight, comparatively short apical process and thin, gradually
narrowing, and apically rounded sensory lobe (Fig. 9K). Vesica small, with long,
thin, gradually curving and slightly diverging distally apical blades (Fig. 7C, D).

Female. Coloration, surface and vestiture. As in male (Fig. 1G, H). Struc-
ture. Similar to male but body shorter, oval, 2.7-3.0x as long as posterior width
of pronotum, total length 3.2-3.5; head with slightly more convex frons and
clypeus, and with smaller eyes, vertex 2.1-2.4x as wide as eye; antennal seg-
ment Il distinctly thinner than segment |, shorter than in male, 0.5-0.7x as long
as posterior width of pronotum, 0.8—-0.9x as long as width of head; pronotum
2.1-2.3x as wide as long, 1.3-1.5x as wide as head.

Genitalia. Dorsal labiate plate with large and broadly oval sclerotized rings.

Distribution. Known from Mongolia, adjacent steppe regions of Russia (Altai
Rep., Buryatia Rep., Zabaykalsky Terr.), and Inner Mongolia in China (Kulik 1974;
Luetal. 2011).

Hosts. Feeds on Caragana spp. (Fabaceae), including Caragana bungei
Ledeb. and Caragana spinosa (L.) Vahl ex Hornem.

Salicarus halimodendri V. G. Putshkov, 1977
Figs 2A-D, 4G-I, 7E, F, 9M, O, 10F

Salicarus (Salicarus) halimodendri V. G. Putshkov 1977: 367.

Salicarus halimodendri: Konstantinov (2023): 874 (phylogenetic placement, fig-
ures, discussion).

Phoenicocoris giliananus Zheng, 1996 in Zheng and Li (1996: 101). New synonym.

Salicarus giliananus: Schwartz and Stonedahl (2004): 42 (new combination,
discussion, suspected synonymy).

Material examined. Holotype: KAZAKHSTAN * East Kazakhstan Prov.: & Ba-
zarskiy Picket, Zaysan, 47.45°N, 84.86666°E, 22 Jun 1930, F.K. Lukjanovitsh,
(AMNH_PBI 00233844) (ZISP).

Paratypes: KAZAKHSTAN * Almaty Prov.: lliyskiy on lli River, 43.52194°N,
76.82972°E, 05 Jun 1969, Seitova, 23 (AMNH_PBI 00233855) (ZISP) - East
Kazakhstan Prov.. Bazarskiy Picket, Zaysan, 47.45°N, 84.86666°E, 22 Jun
1930, F.K. Lukjanovitsh, 34 (AMNH_PBI 00233845-AMNH_PBI 00233847),
39 (AMNH_PBI 00233993-AMNH_PBI 00233995) (ZISP) - Buran, Mouth of
Kaldzhir, 48.01666°N, 85.2°E, 26 Jun 1930, F.K. Lukjanovitsh, Halimodendron
halodendron (Fabaceae), 12 (AMNH_PBI 00233997) (ZISP) - Burkhatka Picket,
Zaysan, 47.45°N, 84.86666°E, 22 Jun 1930, F.K. Lukjanovitsh, 19 (AMNH_PBI
00233996) (ZISP) - Karaganda Prov.: 12 km E Balgash [Balkhash], 46.83333°N,
75.1°E, 18 Jun 1962, I. M. Kerzhner, Halimodendron halodendron (Fabaceae), 13
(AMNH_PBI 00233854) (ZISP) * Kostanay Prov.: 200 km SO Qyzylorda, nr Tysh-
kanbay [Akkum], Syt-Darya, 50.06666°N, 62.13333°E, 30 Jun 1966, I. M. Kerzh-
ner, 19 (AMNH_PBI 00234005) (ZISP) * Kyzylorda Prov.: 40 km NW of Turki-
stan, Karatau Mts. Range, 43.562°N, 67.921°E, |. M. Kerzhner, Halimodendron
halodendron (Fabaceae), 19 (AMNH_PBI 00234000) (ZISP); 18 May 1966-19
May 1966, I. M. Kerzhner, Halimodendron halodendron (Fabaceae), 55 (AMNH_
PBI 00233848-AMNH_PBI 00233851), 39 (AMNH_PBI 00233998, AMNH_PBI
00233999) (ZISP) + 29 May 1966, I. M. Kerzhner, Halimodendron halodendron
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(Fabaceae), 23 (AMNH_PBI 00233852, AMNH_PBI 00233853), 69 (AMNH_PBI
00233853, AMNH_PBI 00234001-AMNH_PBI 00234004) (ZISP). MONGOLIA °
Hovd Aimak: 15 km S of Bulgan, 45.952°N, 91.564°E, 29 Jul 1970, Narchuk,
Halimodendron halodendron (Fabaceae), 19 (AMNH_PBI 00234013) (ZISP) -
Elhon, 20 km SE Altai on Bodonchi River, 45.68333°N, 92.48333°E, 27 Jul 1970,
I. M. Kerzhner, 149 (AMNH_PBI 00233856, AMNH_PBI 00234006-AMNH_PBI
00234008, AMNH_PBI 00234010-AMNH_PBI 00234012), 34 (AMNH_PBI
00233856, AMNH_PBI 00233857) Halimodendron halodendron (Fabaceae), 39
(AMNH_PBI 00234009) (ZISP).

Other specimens examined: KAZAKHSTAN * Zhambul Prov.: Karatau Mts.,
4 km S of Karabastau, 42.88722°N, 70.80667°E, 557 m, 18 May 2015, F. Kon-
stantinov & N. Simov, 19 (AMNH_PBI 00343015) (ZISP).

Diagnosis. Recognized by the oval body, total length: male 3.6-3.9, female
3.1-3.5; antennal segment | brown, segment Il thin, basally or entirely dark-
ened, remining segments dirty yellow (Fig. 4G, H); coloration of dorsum vari-
able, ranging from almost entirely dark brown to pale yellow; dorsum except
head with a mixture of narrow, apically acuminate scale-like setae and dense,
comparatively long, ~ 1.5x as long as scales, adpressed, silvery simple setae
(Fig. 41); apical blades of vesica very long and thin, gradually curved, abruptly
furcate (Fig. 7E, F).

Dark specimens of Salicarus halimodendri are somewhat similar to S. fulvi-
cornis in having long simple setae and the arrangement of flattened scale-like
setae on the dorsum. However, the latter species can be distinguished by the
exceptionally long and thin, subapically bifurcate apical blades (Fig. 7C, D).

Redescription. Male. Coloration. Variable, ranging from almost entirely dark
brown to pale yellow (Fig. 2A-D). Head: In dark specimens almost entirely dark
brown, with midline on frons and mandibular plate somewhat paler and with
vertex always dirty to whitish yellow along posterior margin; in pale specimens
head whitish yellow, with a series of brown, frequently confluent lines radiating
from midline on frons, entirely or apically brown clypeus, and brown maxillary
plate; antennal segment | dark brown to brown, segment Il entirely brown to
dirty yellow with brown basal one-fourth, remaining segments dirty yellow; la-
bium dirty yellow, with dark brown segment IV. Thorax: Pronotum, scutellum,
and hemelytron from uniformly dark brown to whitish yellow, hemelytron in
dark specimens usually paler than pronotum; membrane uniformly pale brown
to almost colorless; pronotum and scutellum in pale specimens typically with
brown markings on calli and on suture between scutellum and mesonotum,
sometimes uniformly whitish yellow; coxae usually yellow, rarely paler brown,
femora dirty to whitish yellow, with two or three series of large rounded mac-
ulae on ventral surfaces and anterior margins, sometimes confluent in dark
specimens, and several dark markings at apices of dorsal surfaces; tibiae yel-
low with minute dark brown spots at bases of tibial spines; thoracic pleurites
brown to pale yellow. Abdomen: Brown to pale yellow.

Surface and vestiture. Dorsum weakly rugose, head smooth, shiny. Prono-
tum, scutellum, and hemelytron with a mixture of silvery scale-like setae and
dense, comparatively long, ~ 1.5x as long as scales, adpressed, silvery simple
setae; mesopleuron clothed with scale-like setae alone, while vertex, antenna,
legs, metapleuron, and abdomen covered exclusively with adpressed silvery
simple setae; tibial spines black to dark brown.
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Structure. Body oval, 2.7-2.9x as long as posterior width of pronotum; to-
tal length 3.6—3.9; head vertical, slightly protruding beyond eyes anteriorly and
ventrally; vertex flat, posteriorly distinctly attenuate and covering anterior mar-
gin of pronotum, 2.0-2.2x as wide as eye; frons weakly convex; clypeus flat,
barely visible in dorsal view; antennal segment Il rod-shaped, slightly thinner
than segment |, 0.5-0.6x as long as posterior width of pronotum, 0.8-0.9x as
long as width of head; pronotum with broadly rounded anterior and posterior
corners, 2.3-2.5x as wide as long, 1.4-1.5x as wide as head.

Genitalia. Right paramere elongate-oval, ~ 1.7x as long as wide, with long,
slightly narrowing and apically rounded apical process (Fig. 9M). Left paramere
with thin and straight apical process and comparatively short, broadly round-
ed sensory lobe (Fig. 9N). Vesica comparatively large, with very long and thin,
gradually curved, abruptly furcate apical blades (Fig. 7E, F).

Female. Coloration, surface and vestiture. As in male. Structure. Similar to
male but body smaller and more stumpy, 2.4-2.5x as long as posterior width
of pronotum, total length 3.1-3.5; head with slightly more convex frons and
clypeus, vertex 2.2-2.4x as wide as eye; antennal segment Il distinctly thin-
ner than segment I, 0.5x as long as posterior width of pronotum, 0.7-0.8x
as long as width of head; pronotum 2.3-2.4x as wide as long, 1.4-1.5x as
wide as head.

Genitalia. Sclerotized rings of dorsal labiate plate large, broadly oval. Poste-
rior wall weakly sclerotized, with indistinctly bordered longitudinal sclerotized
bands at sides (Fig. 10F).

Distribution. This species inhabits plains and foothills of Central Asia within
the area of its host plant, spanning from Uzbekistan and southwestern and
southern Kazakhstan to Mongolia.

Hosts. Salicarus halimodendri is known to feed exclusively on Caragana halo-
dendron (Pall.) Dum. Cours. (Fabaceae), commonly known as the common salt
tree. This distinctive shrub is primarily found in saline deserts and semideserts
and was long classified within the monotypic genus Halimodendron.

Remarks. Phoenicocoris giliananus Zheng, 1996 was described in Zheng
and Li (1996) from Mati in Gansu province, Northwestern China. Schwartz and
Stonedahl (2004) transferred this species to Salicarus due to the claw and ves-
ica structure and suspected its possible synonymy with S. halimodendri, refer-
ring to personal communication from I. M. Kerzhner. However, they refrained
from formal synonymization pending examination of additional material. In-
deed, the coloration of the dorsum, antenna, and legs of S. giliananus, the vesti-
ture composed of short simple setae and narrow, apically acuminate scale-like
setae (which are not exclusively restricted to the hemelytron), the structure of
both parameres (Zheng and Li 1996: figs 4, 5), and body proportions suggest
that this taxon is conspecific with S. halimodendri. The only notable distinction
is the presence of a single apical blade of the vesica postulated in the original
description. However, all Salicarus and Phoenicocoris species without excep-
tion have a twin-coned vesica, while in S. halimodendri, the shorter blade is
exceptionally short and thin (Fig. 7E, F), and could have been easily overlooked
in the aspects chosen by the authors of the original description for making
drawings (Zheng and Li 1996: figs 8, 9). Based on the foregoing discussion, we
synonymize Salicarus giliananus (Zheng, 1996) with Salicarus halimodendri V.
G. Putshkov, 1977.

ZooKeys 1211: 57-100 (2024), DOI: 10.3897/zookeys.1211.129660 95



Fedor V. Konstantinov & Reza Hosseini: Review of Salicarus

Acknowledgments

Frank Wieland (Zoological Museum, University of Hamburg) and Mike Wilson
(National Museum of Wales, Cardiff) provided access to collections and a sup-
portive environment during the stay of the first author in these museums. Attil-
io Carapezza (Universita degli Studi di Palermo) and Franco Faraci (Bardolino,
Verona) offered helpful comments on the relevant literature and specimens.
We are also indebted to Andras Orosz (Hungarian Natural History Museum) for
sending pictures of the holotype of S. nitidus from the collection of HNHM. The
constructive comments of Petr Kment (National Museum, Prague) and Artur
Taszakowski (University of Silesia in Katowice) resulted in substantial improve-
ments to the original manuscript. The Heteroptera collection of the Zoological
Institute, Russian Academy of Sciences (ZISP), heavily used in this study, is
financially supported by the state research project 122031100272-3. We ac-
knowledge the Core Facility Center “Taxon” at the Zoological Institute, St. Pe-
tersburg, for access to SEM equipment and technical assistance.

Additional information

Conflict of interest

The authors have declared that no competing interests exist.

Ethical statement

No ethical statement was reported.

Funding

This research was funded by the Russian Foundation for Basic Research (RFBR) (grant
20-54-56011) and the Iran National Science Foundation (INSF) (grant 98025845).

Author contributions

Conceptualisation: FK. Data curation: FK and RH. Formal analysis: FK. Writing-original
draft: FK. Visualisation:FK and RH. Funding acquisition: FK and RH. Writing-review and
editing: FK and RH.

Author ORCIDs
Fedor V. Konstantinov @ https://orcid.org/0000-0002-7013-5686
Reza Hosseini © https://orcid.org/0000-0002-6556-8401

Data availability

All of the data that support the findings of this study are available in the main text or
Supplementary Information.

References

Aukema B (2024) Catalogue of the Palaearctic Heteroptera. https://catpalhet.linnaeus.
naturalis.nl/ [Accessed 05.05.2024]

Carapezza A (1984) Eterotteri nuovi o poco noti per la fauna Sarda. Bollettino della So-
cieta Sarda di Scienze Naturale 23: 155-159.

ZooKeys 1211: 57-100 (2024), DOI: 10.3897/zookeys.1211.129660 96



Fedor V. Konstantinov & Reza Hosseini: Review of Salicarus

Carapezza A (1993) Eterotteri nuovi per le Isole Eolie, Ustica e le Isole Egadi, con nuove
sinonimie. Naturalista Siciliano (4) 17: 291-303.

Carapezza A (1995) Heteroptera. In: Massa B (Ed.) Arthropoda di Lampedusa, Linosa e
Pantelleria (Canale di Sicilia, Mar Mediterraneo). Naturalista Siciliano (4) 19 Suppl.,
199-278.

Cassis G, Wall M, Schuh R (2007) Insect biodiversity and industrializing the taxonom-
ic process: a case study with the Miridae (Heteroptera). In: Hodkinson T, Parnell J
(Eds) Towards the Tree of Life: taxonomy and systematics of large and species rich
clades. Boca Raton, FL: CRC, 193-212. https://doi.org/10.1201/9781420009538.
ch13

Ehanno B (1987) Les hétéroptéres mirides de France. Tome 2A: Inventaire et synthéses
écologiques. Inventaires de Faune et de Flore, Paris.

Faraci F, Rizzotti Vlach M (1995) Heteroptera. In: Minelli A, Ruffo S, La Posta S (Eds)
Checklist della specie della fauna italiana, vol. 41, Calderini, Bologna, 1-56.

Fieber FX (1861) Die europdischen Hemipteren. Halbfligler (Rhynchota Heteroptera).
Gerold’s Sohn, Wien, 113-444. https://doi.org/10.5962/bhl.title.15204

Goliner-Scheiding U (1974) Beitrage zur Heteropterenfauna Brandenburgs. 3. Die Heter-
opterenfauna der Oderwiesen und- hange bei Lebus/Oder (Hemiptera, Heteroptera).
Faunistische Abhandlungen 5: 181-198.

Goula M, Ribes J (1995) Lista de especies de los Miridae de Cataluna (Insecta, Heterop-
tera. Boletin de la Asociacion Espafiola de Entomologia 19: 175-217.

Heckmann R, Straul G, Rietschel S (2015) Die Heteropterenfauna Kretas. Carolinea 7:
83-130.

Herrich-Schaeffer GAW (1838) Die wanzenartigen Insecten. C. H. Zeh, Nurnberg 4:
33-92.

Horvath G (1905) Descripciones de algunos Hemipteros nuevos del centro de Espaia.
Boletin de la Real Sociedad Espanola de Historia Natural 5: 272-277.

Jakovlev BE (1889) Zur Hemipteren-Fauna Russlands un der angrenzenden Lander.
Horae Societatis Entomologicae Rossicae 24: 311-348. [In Russian and German)]
Kerzhner IM (1962) Materials on the taxonomy of capsid bugs (Hemiptera - Miridae)
in the fauna of the USSR. Entomologicheskoe Obozrenie 41: 372-387. [In Russian]
Kerzhner IM (1964) Family Isometopidae. Family Miridae (Capsidae). In: Bei-Bienko GY
(Ed.) Opredelitel' nasekomykh evropeiskoi chasti SSSR [Keys to the Insects of the
European part of the USSR]. Vol. 1. Apterygota, Palaeoptera, Hemimetabola. Nauka,
Moskova and Leningrad, 700-765. [In Russian; English translation: 1967, Israel Pro-

gram for Scientific Translation, Jerusalem: 913-1003]

Kerzhner IM (1997) Notes on taxonomy and nomenclature of Palearctic Miridae (Heter-
optera). Zoosystematica Rossica 5: 245-248.

Kerzhner IM, Josifov M (1999) Miridae Hahn, 1833. In: Aukema B, Rieger C (Eds) Cata-
logue of the Heteroptera of the Palaearctic Region, Vol. 3. The Netherlands Entomo-
logical Society, Amsterdam, 1-576.

Kerzhner IM, Matocq A (1997) On some Mediterranean Miridae (Heteroptera). Zoosys-
tematica Rossica 6: 191-192.

Kment P, Bryja J, Jindra Z (2005) New records of true bugs (Heteroptera) of the Balkan
peninsula. Acta Entomologica Slovenica 13: 9-20.

Konstantinov FV (2003) Male genitalia in Miridae (Heteroptera) and their significance
for suprageneric classification of the family. Part I: general review, Isometopinae and
Psallopinae. Belgian Journal of Entomology 5: 3—-36.

ZooKeys 1211: 57-100 (2024), DOI: 10.3897/z0okeys. 1211129660 97



Fedor V. Konstantinov & Reza Hosseini: Review of Salicarus

Konstantinov FV (2008) Revision of Phaeochiton Kerzhner, 1964 (Heteroptera: Miridae:
Phylini). European Journal of Entomology 105: 771-781. https://doi.org/10.14411/
€je.2008.102

Konstantinov FV (2019) Revision of Agraptocoris Reuter (Heteroptera: Miridae:
Phylinae), with description of five new species and a review of aedeagal terminol-
ogy. Arthropod Systematics & Phylogeny 77: 87-124. https://doi.org/10.26049/
ASP77-1-2019-05

Konstantinov FV (2023) Plant bugs with swollen antennae: a morphology-based phy-
logenetic analysis of Heterocapillus Wagner, 1960 and related genera (Hemiptera:
Miridae: Phylinae). Arthropod Systematics & Phylogeny 81: 845-879. https://doi.
org/10.3897/asp.81.e104396

Konstantinov FV, Namyatova AA (2008) New records of Phylinae (Hemiptera: Heter-
optera: Miridae) from the Palaearctic Region. Zootaxa 1870(1): 24-42. https://doi.
org/10.11646/zootaxa.1870.1.2

Konstantinov FV, Namyatova AA (2019) Taxonomic revisions and specimen databases
in the internet age: dealing with a species rich insect taxon. Entomological Review 99:
340-362. https://doi.org/10.1134/S0013873819030072

Kulik SA (1974) Terrestrial true bugs (Heteroptera) of Eastern Siberia and the Far East.
Insect fauna of Eastern Siberia and the Far East. Irkutsk, 3—41. [In Russian]

Lindberg H (1948) On the insect fauna of Cyprus. Results of the expedition of 1939 by
Harald, Hakan and P. H. Lindberg, I-I1l. Societatis Scientiarium Fennica, Commenta-
tiones Biologicae 10(7): 23-175.

Linnavuori RE (1984) New species of Hemiptera Heteroptera from Iraq and the adjacent
countries. Acta Entomologica Fennica 44: 1-59.

Linnavuori RE (1999) Studies on the Miridae fauna of Greece (Hemiptera, Heteroptera).
Biologica Gallo-Hellenica 25: 25-68.

Linnavuori RE (2007) Studies on the Miridae (Heteroptera) of Gilan and the adjacent
provinces in northern Iran. Il. List of species. Acta Entomologica Musei Nationalis
Pragae 47: 17-56.

Lodos N, Onder F, Pehlivan E, Atalay R, Erkin E, Karsavuran Y, Tezcan S, Aksoy S (2003)
Faunistic Studies on Miridae (Heteroptera) of Western Black Sea, Central Anatolia
and Mediterranean Regions of Turkey. Meta Basmevi, izmir, 85 pp.

Lu X, Cui L, He Y (2011) Description of two species of genus Salicarus from Inner Mon-
golia, China. Journal of Jilin Agricultural University 33(5): 500-502.

Melber A (1993) Beitrag zur Kenntnis der Heteropterenfauna des toskanischen Apen-
nins (Insecta, Heteroptera). Bollettino del Museo Civico Storia naturale di Verona 17:
293-356.

Oshanin V (1910) Verzeichnis der palaearktischen Hemipteren mit besonderer Beriick-
sichtigung ihrer Verteilung im russischen Reiche. Vol. 1(3). Ezhegodnik Zoologich-
eskago Muzeya Imperatorskoj Akademii Nauk 14(suppl.): 587-1087.

Pagola-Carte S, Zabalegui | (2007) Nuevos e interesantes registros de Miridae (Hemip-
tera: Heteroptera) en el Pais Vasco (norte de la Peninsula Iberica). Heteropterus Re-
vista de Entomologia 7(1): 33-56.

Puton A (1875) Catalogue des Hémiptéres (Héteroptéres, Cicadines et Psyllines)
d’Europe et du bassin de la Mediterranee. Deyrolle, Paris, 155 pp. https://doi.
org/10.1002/mmnd.48018750242

Putshkov VG (1977) New and little-known mirid bugs (Heteroptera, Miridae) from
Mongolia and Middle Asia. Entomologicheskoe Obozrenie 56: 360—374. [In Russian;
English translation: Entomological Review 56(2): 91-100]

ZooKeys 1211: 57-100 (2024), DOI: 10.3897/zookeys.1211.129660 98



Fedor V. Konstantinov & Reza Hosseini: Review of Salicarus

Reuter OM (1875) Revisio critica Capsinarum praecipue Scandinaviae et Fenniae.
Akademisk Afhandling, Helsingfors, [101 +] 190 pp.

Reuter OM (1878) Hemiptera Gymnocerata Europae. Hémiptéres Gymnocérates d’'Eu-
rope, du bassin de la Méditerranée et de 'Asie russe. |. Acta Societatis Scientiarum
Fennicae 13: 1-188], 8 pls].

Ribes J, Serra A, Goula M (2004) Cataleg dels heteropters de Catalunya (Insecta, Hemip-
tera, Heteroptera). Institut d'Estudis Catalans, Barcelona.

Rieger C (2012) Notes on the distribution of some Palearctic Heteroptera. Entomolo-
gische Zeitschrift Stuttgart 122(3): 133-134.

Schuh RT, Weirauch C (2020) True bugs of the world (Hemiptera: Heteroptera). Siri Sci-
entific Press, Manchester, UK, 800 pp.

Schwartz MD (2011) Revision and phylogenetic analysis of the north American genus
Slaterocoris Wagner with new synonymy, the description of five new species and a
new genus from Mexico, and a review of the genus Scalponotatus Kelton (Heterop-
tera: Miridae: Orthotylinae). Bulletin of the American Museum of Natural History 354:
1-290. https://doi.org/10.1206/354.1

Schwartz MD, Stonedahl GM (2004) Revision of Phoenicocoris Reuter with descriptions
of three new species from North America and a new genus from Japan (Heteroptera:
Miridae: Phylinae). American Museum Novitates 3464: 1-55. https://doi.org/10.120
6/0003-0082(2004)464%3C0001:ROPRWD%3E2.0.CO;2

Southwood TRE, Leston D (1959) Land and Water Bugs of the British Isles. Frederick
Warne and Co., London, 436 pp.

Stal C (1858) Nya svenska Hemiptera. Ofversigt af Kongliga Vetenskapsakademiens
Forhandlingar 15: 355-357.

Stonedahl GM (1990) Revision and cladistic analysis of the Holarctic genus Atractoto-
mus Fieber (Heteroptera: Miridae: Phylinae). Bulletin of the American Museum of
Natural History 198: 1-88. http://hdl.handle.net/2246/889

Thomson CG (1871) Ofversigt af de i Sverige fauna arter af gruppen Capsina. Opuscula
Entomologica 4: 410-452.

Vinokurov NN, Kanyukova EV (1995) Conspect of the Fauna of Heteroptera of Siberia:
Contribution to the Catalogue of Palaearctic Heteroptera. Yakutian Scientific Centre,
Yakutsk, 62 pp. [In Russian]

Vinokurov NN, Kanyukova EV, Golub VB (2010) Katalog poluzhestkokrylykh nasekomykh
(Heteroptera) Aziatskoy chasti Rossii [Catalogue of Heteroptera of the Asian part of
Russia]. Novosibirsk, Nauka, 1-323. [In Russian]

Vollenhoven SC, Snellen van (1875) De inlandsche Hemipteren, beschreven en meerend-
eels ook afgebeeld. Tijdschrift voor Entomologie 18: 150-185. [In Dutch]

Wagner E (1958) Zur Gattung Sthenarus Fieber 1858 (Hem. Het. Miridae). Acta Entomo-
logica Musei Nationalis Pragae 32: 405-421.

Wagner E (1960) Beitrag zur Systematik der Gattung Atractotomus Fiber 1858 (Hem.
Het. Miridae). Trabajos del Museo de Zoologia, Barcelona 2: 2—-4.

Wagner E (1967) Die Heteropteren-Ausbeute der Mongolisch-Deutschen Biologischen
Expeditionen 1962 und 1964. Ergebnisse der Zoologischen Museum Berlin 43: 53—
76. https://doi.org/10.1002/mmnz.19670430105

Wagner E (1973) Drei neue Miriden-Arten von Rhodos (Hemiptera, Heteroptera). Nach-
richtenblatt der Bayerischen Entomologen 22: 121-125.

Wagner E (1975a) Die Miridae Hahn, 183I, des Mittelmeerraumes und der Makarone-
sischen Inseln (Hemiptera, Heteroptera). Teil 3. Entomologische Abhandlungen 40
Suppl., [ii +] 483 pp. https://doi.org/10.1515/9783112653241

ZooKeys 1211: 57-100 (2024), DOI: 10.3897/z0okeys. 1211129660 99



Fedor V. Konstantinov & Reza Hosseini: Review of Salicarus

Wagner E (1975b) Uber Asthenarius Kerzhner, 1962 (Hemiptera, Heteroptera, Miridae).
Reichenbachia 15: 233-244.

Wagner E, Weber HH (1964) Héteropteres Miridae. Faune de France 67. Fédération
Francaise des Sociétés de Sciences Naturelles, Paris, 592 pp.

Zheng L, Li X (1996) A new species of the genus Phoenicocoris Reuter (Hemiptera:
Miridae) from China. Entomotaxonomia 18(2): 101-104. [In Chinese with description
repeated in English]

Supplementary material 1
USI numbers of figured specimens

Authors: Fedor V. Konstantinov

Data type: pdf

Explanation note: Label data.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1211.129660.suppl1

ZooKeys 1211: 57-100 (2024), DOI: 10.3897/zookeys.1211.129660 100



+ZooKeys

ZooKeys 1211: 101-130 (2024)
DOI: 10.3897/z00keys.1211.122563

Research Article

A new species of karst-dwelling bent-toed gecko of the
Cyrtodactylus intermedius group (Squamata, Gekkonidae) from
eastern Thailand and the phylogenetic placement of C. intermedius

Natee Ampai'®, Attapol Rujirawan?3*®, Siriporn Yodthong*®“, Korkhwan Termprayoon®®, Bryan L. Stuart®®,

Anchalee Aowphol?3

o R W N =

Department of Biology, Faculty of Science, Srinakharinwirot University, Bangkok, 10110 Thailand

Animal Systematics and Ecology Speciality Research Unit, Department of Zoology, Faculty of Science, Kasetsart University, Bangkok, 10900 Thailand
Biodiversity Center, Kasetsart University, Bangkok, 10900, Thailand

Department of Biological Science, Faculty of Science, Ubon Ratchathani University, Ubon Ratchathani 34190, Thailand

School of Science, Walailak University, Nakhon Si Thammarat, 80161, Thailand

Section of Research & Collections, North Carolina Museum of Natural Sciences, Raleigh, NC, USA

Corresponding author: Anchalee Aowphol (fsciacl@ku.ac.th)

OPEN a ACCESS

Academic editor: Johannes Penner
Received: 8 March 2024

Accepted: 21 July 2024

Published: 3 September 2024

ZooBank: https:/zoobank.
0rg/991B836A-7F5B-497E-A57C-
1591D18EAE43

Citation: Ampai N, Rujirawan A,
Yodthong S, Termprayoon K, Stuart
BL, Aowphol A (2024) A new species
of karst-dwelling bent-toed gecko

of the Cyrtodactylus intermedius
group (Squamata, Gekkonidae) from
eastern Thailand and the phylogenetic
placement of C. intermedius.

ZooKeys 1211:101-130. https:/doi.
0rg/10.3897/z00keys.1211.122563

Copyright: © Natee Ampai et al.
This is an open access article distributed under
terms of the Creative Commons Attribution

License (Attribution 4.0 International - CC BY 4.0).

Abstract

A new karst-dwelling bent-toed gecko of the Cyrtodactylus intermedius group is de-
scribed from Khlong Hat District, Sa Kaeo Province, eastern Thailand, based on an in-
tegrative taxonomic analysis of genetic data and morphological characteristics. Phylo-
genetic analyses using the mitochondrial NADH dehydrogenase subunit 2 (ND2) gene
revealed that topotypes of C. intermedius were sister to a clade containing C. kulenensis
from Cambodia, an unnamed lineage from Sakaerat Biosphere Reserve in Nakhon Rat-
chasima Province, Thailand, and the Khlong Hat lineage described here as Cyrtodactylus
khlonghatensis sp. nov. Multivariate analyses of morphometric and meristic characters
showed that C. khlonghatensis sp. nov. is morphologically distinct from all other spe-
cies in the group by having the combination of SVL 76.5-82.8 mm in adult males and
88.5 mm in an adult female; eight supralabial and nine infralabial scales; 30-32 paraver-
tebral tubercles; 20 or 21 longitudinal rows of dorsal tubercles; 43 or 44 ventral scales;
seven or eight expanded subdigital lamellae on the 4™ toe; 12 unmodified subdigital
lamellae on the 4" toe; 19 or 20 total subdigital lamellae on the 4" toe; 31 or 32 total
number of enlarged femoral scales; enlarged femoral and precloacal scales continuous;
6-8 pore-bearing precloacal scales in males; three or four rows of enlarged post-pre-
cloacal scales; 1-3 postcloacal tubercles; proximal femoral scales less than one-half
the size of distal femoral scales; absence of interdigital pocketing between digits of
forefeet and hindfeet; and posterior border of the nuchal loop rounded. Uncorrected
pairwise genetic divergences (p-distances) between the new species and other species
of the intermedius group ranged from 4.73-22.55%. The discovery of this new species
exclusively in isolated karst formations from the Thai-Cambodia border suggests that
there may be further undiscovered Cyrtodactylus in unexplored karst landscapes along
the border of eastern Thailand and western Cambodia.

Key words: Distribution, Gekkota, integrative taxonomy, ND2 gene, multivariate analysis
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Introduction

The bent-toed gecko genus Cyrtodactylus Gray, 1827, is one of the most di-
verse among reptiles and the third-largest vertebrate genus globally (Grismer
et al. 2021a), with 354 recognized species to date (Uetz et al. 2024). This genus
exhibits a wide-ranging geographic distribution across various regions and is
predominantly found in Southeast Asia, with their distribution extending from
South Asia through the Indo-Australian Archipelago (Oliver et al. 2008, 2016;
Wood et al. 2012; Luu et al. 2016; Agarwal et al. 2018; Neang et al. 2020; Chan
et al. 2023; Grismer et al. 2015; 20214, 2021b, 2022; Nugraha et al. 2023; Riyan-
to et al. 2022). Cyrtodactylus species have successfully adapted and evolved
to occupy a variety of environments and ecological niches within this exten-
sive range, including terrestrial, arboreal, cave-dwelling, and various substrate
specialists (Ngo et al. 2008; Geissler et al. 2019; Grismer et al. 2020a, 2020b;
Riyanto et al. 2022; Yodthong et al. 2022). In Thailand, 48 nominal species of
Cyrtodactylus occur throughout the mainland and adjacent offshore islands
(Uetz et al. 2024). Their presence in such diverse regions underscores their
adaptability to thrive in a range of habitats and implies a complex evolutionary
history for the genus (Chomdej et al. 2022; Grismer et al. 2018a, 2018b, 2020b,
2021b, 2023a; Termprayoon et al. 2021a, 2021b, 2023; Yodthong et al. 2022).
Cyrtodactylus intermedius (Smith, 1917) was originally described from Khao Se-
bab (= Namtok Phlio National Park), Chanthaburi Province, eastern Thailand. Addi-
tional populations were later reported from throughout eastern and southern Thai-
land, extending through the Cardamom Mountains of Cambodia and southward
to southern Vietnam (Taylor, 1963; Stuart and Emmet 2006; Geissler et al. 2019;
Murdoch et al. 2019; Grismer et al. 20203, 2021b). Cyrtodactylus intermedius is
now considered to represent a complex of species (Ngo et al. 2010; Murdoch et al.
2019; Grismer et al. 2015, 202043, 2023a) known as the C. intermedius group (Gris-
mer et al. 2021b). The group is monophyletic and comprises 13 recognized species
(Murdoch et al. 2019; Grismer et al. 20203, 2021b, 2023a; Uetz et al. 2024). These
species include C. auralensis Murdoch, Grismer, Wood, Neang, Poyarkov, Tri, Naza-
rov, Aowphol, Pauwels, Nguyen & Grismer, 2019; C. bokorensis Murdoch, Grismer,
Wood, Neang, Poyarkov, Tri, Nazarov, Aowphol, Pauwels, Nguyen & Grismer, 2019;
C. cardamomensis Murdoch, Grismer, Wood, Neang, Poyarkov, Tri, Nazarov, Aow-
phol, Pauwels, Nguyen & Grismer, 2019; C. disjunctus Grismer, Pawangkhanant, Idi-
iatullina, Trofimets, Nazarov, Suwannapoom & Poyarkov, 2023; C. hontreensis Ngo,
Grismer & Grismer, 2008; C. intermedius (Smith, 1917); C. kohrongensis Grismer,
Onn, Oaks, Neang, Sokun, Murdoch, Stuart & Grismer, 2020; C. kulenensis Grismer,
Geissler, Neang, Hartmann, Wagner & Poyarkov, 2021; C. laangensis Murdoch, Gris-
mer, Wood, Neang, Poyarkov, Tri, Nazarov, Aowphol, Pauwels, Nguyen & Grismer,
2019; C. phuquocensis Ngo, Grismer & Grismer, 2010; C. regicavernicolus Chhin,
Neang, Chan, Kong, Ou, In, Samorn, Sor, Lou, Sin, Chhim, Stuart & Grismer, 2024;
C. septimontium Murdoch, Grismer, Wood, Neang, Poyarkov, Tri, Nazarov, Aow-
phol, Pauwels, Nguyen & Grismer, 2019; and C. thylacodactylus Murdoch, Grismer,
Wood, Neang, Poyarkov, Tri, Nazarov, Aowphol, Pauwels, Nguyen & Grismer, 2019.
Of these 13 species, only two species occur in Thailand, C. disjunctus (southern
Thailand) and C. intermedius (eastern Thailand). Members of the C. intermedius
group are highly adaptable to different habitats, including karst formations, granit-
ic montane areas, sandstone, and other non-elevated terrestrial habitats (Grismer
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etal. 20204, 2021b). This adaptability is likely due to their ecological versatility and
ability to thrive in a variety of environmental settings (Murdoch et al. 2019; Grismer
et al. 2023a). Other divergent mitochondrial lineages have been reported, suggest-
ing that additional species diversity might exist within the C. intermedius group
(Grismer et al. 202143, 2021b, 2023a). One major hindrance to delimiting species in
the C. intermedius group has been the lack of topotypic genetic material from the
type locality of the nominate species C. intermedius.

During fieldwork from 2022-2023, we conducted surveys for Cyrtodactylus at
Chanthaburi and Sa Kaeo Provinces in eastern Thailand. An integrative taxonomic
approach, combining morphological characters, mitochondrial DNA analysis, and
ecological data, was employed to compare the specimens to other members of
the C. intermedius group and determine their taxonomic status. Additionally, sam-
ples were obtained from the type locality of C. intermedius. Herein, a distinct pop-
ulation from Khlong Hat District, Sa Kaeo Province is described as a new species.

Materials and methods
Sampling and specimen collection

Field sampling was carried out through visual encounter surveys conducted both
during the daytime (1000-1700 h) and at night (1900-2200 h) from July 2022
to February 2023 in two locations of eastern Thailand: (1) Khlong Hat District,
Sa Kaeo Province and (2) Namtok Phlio National Park, Mueang Chanthaburi Dis-
trict, Chanthaburi Province (Fig. 1). Geographical coordinates and elevation for
each locality were recorded using a Garmin GPSMAP 64s. Environmental fac-
tors (ambient temperature and relative humidity) were collected using a Kestrel
400 Weather Meter. Data on habitat, including microhabitat preferences, habi-
tat use, and substrate type were also recorded for each specimen. Specimens
were hand-collected and kept individually in bags for photographing prior to their
euthanization. Specimens were humanely euthanized with tricaine methanesul-
fonate (MS-222) solution. The MS-222 solution was freshly prepared on the day
of its use for euthanasia (Conroy et al. 2009; Simmons 2015; American Veteri-
nary Medical Association 2020). Liver tissue was removed from each euthanized
specimen, preserved in 95% ethanol, and stored at -20 °C for molecular study.

Voucher specimens were initially preserved in 10% formalin solution and
subsequently transferred to 70% ethanol for morphological study and long-term
storage. All specimens and tissue samples are deposited in the herpetological
collection at the Zoological Museum of Kasetsart University, Bangkok, Thailand
(ZMKU). Additional data were obtained from the original species descriptions
of the C. intermedius group (Smith, 1917, 1935; Ngo et al. 2008; 2010; Murdoch
et al. 2019; Grismer et al. 20203, 2021b, 2023a; Chhin et al. 2024).

Mitochondrial DNA analyses

Genomic DNA of the seven newly collected specimens (C. intermedius from the
type locality, n = 4, and the Khlong Hat population, n = 3) was isolated from liver tis-
sue samples using the Qiagen DNAeasy™ Blood & Tissue Kit (Qiagen, Germany).
A partial fragment of the mitochondrial NADH dehydrogenase subunit 2 (ND2)
gene and its flanking tRNAs were amplified by polymerase chain reaction (PCR)
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Figure 1. Map illustrating the distribution of the species of the Cyrtodactylus intermedius group using QGIS 3.34.8 (QGIS
Development Team 2024). The elevation background data was derived from NASA LP DAAC (2013).

under the following conditions: initial denaturation (95 °C, 2 min) followed by 31
cycles of a second denaturation (95 °C, 35 s), annealing (56 °C, 35 s), extension
(72 °C, 35 s), and a final extension (72 °C, 10 min) using the light strand prim-
er, L4437b (5-AAGCAGTTGGGCCCATACC-3’; Macey et al. 1997) and the heavy
strand primer, H5934 (5" -AGRGTGCCAATGTCTTTGTGRTT-3’; Macey et al. 1997).
All PCR products were purified using the QIAquick PCR Purification Kit (Qiagen
Ltd., Hilden, Germany) and sequenced using the amplifying primers on an ABI
3730XL automatic sequencers (Applied Biosystems, CA, USA) with BigDye ver-
sion 3 chemistry and the amplifying primers (Applied Biosystems, CA, USA).
DNA sequences were edited and manually checked in Geneious Prime 2022.2.1
(Biomatters Ltd., Auckland, New Zealand). All newly generated sequences were
deposited in GenBank under accession numbers PP444475-PP444481. All 42
sequences of C. intermedius group species and the five outgroups C. oldhami
(Theobald, 1876), C. trigroides Bauer, Sumontha & Pauwels, 2003, C. zebraicus
Taylor, 1962, Dixonius siamensis (Boulenger, 1898), and Hemidactylus frenatus
Duméril & Bibron, 1836 were downloaded from GenBank (Suppl. material 1) fol-
lowing Ngo et al. (2010), Murdoch et al. (2019), Grismer et al. (2020a, 2021b), and
Yodthong et al. (2022). The recently described species C. regicavernicolus was
not included in the analyses but is closely related to C. laangensis (see Chhin et al.
2024). All downloaded sequences were aligned to the newly generated sequenc-
es using the MUSCLE plug-in as implemented in Geneious Prime 2022.2.1. The
aligned dataset was partitioned by ND2 codon position and the flanking tRNAs.
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Maximum Likelihood (ML) and Bayesian Inference (BI) analyses were used
to estimate the phylogenetic relationships within the C. intermedius group.
ModelFinder function within IQ-TREE (Kalyaanamoorthy et al. 2017) was used
to select the best partitions for the ND2 gene and tRNAs for both ML and BI
analyses. The selection was based on the Bayesian Information Criterion (BIC).
For the ML analysis, TIM+F+G4 was identified as the best-fit model for codon
partitions, and TN+F+G4 for the flanking tRNAs partitions. The ML analysis was
conducted by the IQ-TREE webserver (Trifinopoulos et al. 2016) with 10,000
bootstrap pseudo-replicates employing the ultrafast bootstrap approximation
algorithm (UFB; Minh et al. 2013; Hoang et al. 2018) to construct a final consen-
sus ML phylogenetic tree. Nodes with ultrafast bootstrap supported values of
95 and above were considered strongly supported (Minh et al. 2013).

The Bl analysis was conducted using MrBayes v. 3.2.7a on XSEDE (Ronquist
et al. 2012) through the CIPRES Science Gateway (Miller et al. 2010). The BI
analysis used default prior and GTR+I+I" model of evolution for the codon par-
titions and flanking tRNAs. Two simultaneous runs were performed with four
chains per run (three heated chains and one cold chain), using the default pri-
ors setting, a chain temperature set to 0.1, and 20 million generations sampled
every 2,000 generations from the Markov Chain Monte Carlo (MCMC) chains.
The first 25% of each run was discarded as burn-in using the “sumt” command.
The stationary states of each parameter based on the standard deviation of
split frequencies < 0.01 and the effective sample size (ESS) score above 200
for all parameters were assessed in Tracer v. 1.7.1 (Rambaut et al. 2018). The
50% majority-rule consensus of sampled tree from the post burn-in tree of the
Bl analysis and the most likely tree in the ML analysis were visualized and ed-
ited in FigTree v. 1.4.4 (Rambaut 2018). Nodes with Bayesian posterior proba-
bilities support (BPP) of 0.95 and above were considered strongly supported
(Huelsenbeck and Ronquist 2001; Wilcox et al. 2002). Uncorrected pairwise
genetic divergences (p-distances) were estimated in MEGA11 (Tamura et al.
2021) using bootstrap method with 1,000 replications and the complete dele-
tion option to remove missing data.

Voucher abbreviations are the School of Agriculture and Natural Resources,
University of Phayao (AUP), Aaron M. Bauer field series (AMB), Chulalongkorn
University Museum of Zoological Records, Bangkok, Thailand (CUMZR), the
Field Museum of Natural History, Chicago, lllinois, USA (FMNH), Institut Royal
des Sciences Naturelles de Belgique, Belgium (IRSNB), the Institute of Tropical
Biology Collection of Zoology in Ho Chi Minh City, Vietnam (ITBCZ), La Sierra
University Herpetological Collection (LSUHC), the Zoological Research Muse-
um Alexander Koenig, Bonn, Germany (ZFMK), the Zoological Museum of Ka-
setsart University (ZMKU), the corresponding Sabira S. Idiiatullina field number
of the Zoological Museum of Moscow State University (ZMMU ISS) and the
corresponding Nikolay A. Poyarkov field numbers of the Zoological Museum of
Moscow State University (ZMMU NAP).

Morphological analyses

Coloration and patterns in life were assessed through digital images of indi-
viduals across all available age groups prior to preservation, taken by AR. Men-
sural, meristic, and qualitative characters were recorded by the first author on
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the left side of specimens for symmetrical traits using digital Mitutoyo CD-6"
ASX Digimatic Calipers to the nearest 0.1 mm under a Nikon SMZ 745 dissect-
ing stereomicroscope. Only adult individuals, determined by the presence of
secondary sexual characteristics such as the presence of large pore-bearing
precloacal scales or hemipenial swelling in males, or visible eggs on the ventral
side of the body in females, were included for morphological measurements
and analyses. A total of 32 morphological characters (16 mensural characters
and 16 meristic characters) were modified from previous studies of the C. inter-
medius group (Murdoch et al. 2019; Grismer et al. 2020a, 2021b).
Mensural measurements were as follows:

SVL

T™W

TL

FL

TBL

HL

HW

HD
AG

ED

EE

EL
EN

ES

IN
10

snout to vent length, taken from tip of snout to the anterior margin of
vent;

tail width, taken at the base of the tail immediately posterior to the post-
cloacal swelling;

tail length, taken from the vent to the tip of the tail, original or regener-
ated;

forearm length, taken on the dorsal surface from the posterior margin
of the elbow while flexed 90° to the inflection of the flexed wrist;

tibia length, taken on the ventral surface from the posterior surface of
the knee while flexed 90° to the base of the heel;

head length, distance from the posterior margin of the retroarticular
process of the lower jaw to the tip of the snout;

head width, measured at the angle of the jaws;

head depth, the maximum height of head from the occiput to the throat);
axilla to groin length, taken from the posterior margin of the forelimb at
its insertion point on the body to the anterior margin of the hind limb at
its insertion point on the body;

eye diameter, the maximum horizontal diameter of the eyeball;

eye-ear distance, measured from the anterior margin of the ear opening
to the posterior edge of the eyeball;

ear length, taken from the greatest vertical distance of the ear opening;
eye to nostril distance, measured from the anterior most margin of the
eyeball to the posterior margin of the external nares;

eye to snout distance, measured from the anterior margin of the eyeball
to the tip of snout;

internarial distance, measured between the nares across the rostrum;
interorbital distance, measured between the anterior edges of the orbit.

Meristic characters were as follows:

SL

IL

PVT

LRT

the number of supralabial scales, counted from the largest scale imme-
diately below the middle of the eyeball to the rostral scale;

the number of infralabial scales, counted from the mental to the termi-
nation of enlarged scales just after the upturn of the mouth;

the number of paravertebral tubercles between limb insertions, count-
ed in a straight line immediately left of the vertebral column;

the number of longitudinal rows of body tubercles, counted transversely
across the center of the dorsum from one ventrolateral fold to the other;
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'S the number of longitudinal rows of ventral scales, counted transversely
across the center of the abdomen from one ventrolateral fold to the
other;

4SLU the number of small, unmodified subdigital lamellae distal to the digital
inflection on the 4™ toe, counted from the digital inflection to the claw;

4SLE the number of expanded subdigital lamellae proximal to the digital
inflection on the 4™ toe, counted from the base of the first phalanx
where it contacts the body of the foot to the largest scale on the digi-
tal inflection;

4SLT the total number of subdigital lamellae beneath the 4™ toe;

FS The total number of enlarged femoral scales from each thigh combined
as a single metric;

PS the number of enlarged precloacal scales;

PP the number of precloacal pores in males;

PPS the number of rows of post-precloacal scales on the midline between
the enlarged precloacal scales and the vent;

PCT the number of postcloacal tubercles on either side of the base of the
tail;

BB the number of dark body bands between limb insertions;

LCB  the number of light caudal bands on the original tail;

DCB the number of dark caudal bands on the original tail.

Additional categorical characters examined were enlarged femoral and clo-
acal scales continuous or separated by a diastema at the base of the femora;
proximal femoral scales were less than one-half the size of the distal femoral
scales; and the presence or absence of a pocket in the skin webbing between
the digits of the hind and forefeet. Color pattern characters examined were
the nuchal loop being continuous from eye to eye or separated medially into
paravertebral sections; the posterior border of the nuchal loop rounded or chev-
ron-shaped to a point; the presence or absence of dark pigmented blotches on
the top of the head; light-colored caudal bands encircling tail or not; regenerated
tail bearing a pattern of dark spots or not. Morphological comparisons were
based on examination of the original descriptions of species in the literature
(Ngo et al. 2010; Murdoch et al. 2019; Grismer et al. 2015,2020a, 2021b, 2023a).

Thirteen morphometric variables were size-adjusted for differences in onto-
genetic composition by the allometric equation: X_; = log[X +B(SVL=SVL__ ),
where X_, is the adjusted value of the morphometric variable; X is the unadjust-
ed value of dependent variable; B = unstandardized regression coefficient for
each species; SVL is snout to vent length; and SVL__ is overall mean of SVL of
each allometry species (Thorpe 1975, 1983; Turan 1999; Lleonart et al. 2000)
using the R package “GroupStruct” (Chan and Grismer 2021) in the software R
v.4.0.1 (R Core Team, 2020). Three morphological variables, including TL (tail
length), TW (tail width), and EL (ear length), were excluded from the analyses
due to differences in their conditions. Thirteen size-adjusted morphometric
variables (SVL,, FL,,, TBL,,, AG,,, HL,,, HW, HD,  ED  EE  EN_  ES . IN_,
and 10,,) were tested for normality using the Shapiro-Wilk test (p = 0.05). Nor-
mality of data was confirmed for homogeneity of variances using Levene’s test
(p = 0.05) through the Paleontological statistics software (PAST version 4.11;
Hammer et al. 2001).
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Statistical analyses were performed to compare differences in morpholog-
ical characteristics, body size, and shape within the intermedius group (n =
58), including populations from Khlong Hat samples (n = 4) and nine congener
species: C. auralensis (n = 6), C. bokorensis (n = 7), C. cardamomensis (n = 6),
C. intermedius (topotypes; n = 5), C. kohrongensis (n = 6), C. kulenensis (n = 9),
C. laangensis (n = 5), C. septimontium (n = 7), C. thylacodactylus (n = 3) (Suppl.
material 2). Due to lack of available measurements and small sample size, four
species in the intermedius group (C. disjunctus, C. hontreensis, C. phuquocensis
and C. regicavernicolus) were not included in the morphological analyses. Mul-
tivariate analyses employed 13 morphometric characters (SVLadj, FL,. TBL,4

AG,,, HD,,, HL . HW,_,, ED_, EE_, EN_, ES_,, IN_,, and 10,,) and 10 meristic
characters data (SL, IL, PVT, LRT, VS, 4SLU, 4SLE, 4SLT, FS, and PS). Femoral and
precloacal pores were omitted from the multivariate analyses due to their pres-
ence only in males. Morphometric and meristic characters were concatenated
into a single dataset and analyzed by principal component analysis (PCA) using
the built in R functions: “prcomp” (R Core Team, 2020) and “ggplot2” (Wickham
2016) to find the best low-dimensional space character variation in data set
and to reduce noise and the potential of overfitting. A discriminant analysis of
principal components (DAPC) was performed using the “adegenet” package
in R (Jombart 2008) to characterize clustering and distance separation in the
morphospace of new groups, defined in the PCA, in comparison to nine conge-
ners of the intermedius group. It was also used to generate linear combinations
of centroids with the highest between-group variance (Jombart et al. 2010).
Prior to plotting, dimension reduction in the DAPC involves preserving the initial
set of principal components (PCs) that collectively explain approximately 90%
of the variation within the dataset (Jombart and Collins 2015), a determination
derived from a scree plot generated during the analysis. Maintaining an exces-
sive number of PCs may introduce artificial structure into the data, whereas
retaining too few run the risk of overlooking genuine structure (Cangelosi and
Goriely 2007).

Results

Molecular analyses

The total aligned dataset contained 1,227 characters of 49 individuals of the
C. intermedius group and five individuals of the outgroup species (Fig. 2). The
maximum likelihood value of the best ML tree was InL =-26,799.981. The stan-
dard deviation of split frequencies was 0.002503 between the two simultane-
ous Bl runs and the ESS values were = 14,230 for all parameters. The results
of ML and BI phylogenetic analyses recovered identical topologies (Fig. 2).
The Khlong Hat samples represented a well-supported monophyletic lineage
(100 UFB, 1.0 BPP) nested within the C. intermedius group (Fig. 2). The Khlong
Hat population was strongly supported for Bl (0.95 BPP) but not in ML (79 UFB)
as the sister lineage to the clade containing C. kulenensis and Cyrtodactylus
sp. from Sakaerat Biosphere Reserve, Nakhon Ratchasima Province (Fig. 2).
The Khlong Hat population had uncorrected p-distances of 4.73-5.09% from
C. intermedius (topotypes), 6.71-6.96% from C. intermedius (Khao Khitchakut),
5.82% from Cyrtodactylus sp. (Sakaerat) and 4.73-22.55% from other species
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Figure 2. A best maximum likelihood topology illustrating the relationships of the Cyrtodactylus intermedius group and
other related species based on 1,227 bp of the ND2 gene and flanking tRNAs A shown in full view B relevant clades of the
intermedius group in close-up view. Nodal support values are ultrafast bootstrap values (UFB) from maximum likelihood
analysis followed by posterior probabilities (BPP) of Bayesian analysis.

in the intermedius group (Suppl. material 3). The within population uncorrected
p-distances of the Khlong Hat population was 0.00%.

Cyrtodactylus intermedius samples from Namtok Phlio National Park (to-
potypes) and Khao Khitchakut, Chanthaburi Province, were recovered as a
well-supported lineage (100 UFB, 1.0 BPP) and are the well-supported (100
UFB, 1.0 BPP) sister taxon to a clade comprised of C. kulenensis, Cyrtodactylus
sp. from Sakaerat Biosphere Reserve and the Khlong Hat samples. Cyrtodacty-
lus intermedius had uncorrected p-distance of 4.73-22.91% from other species
in the C. intermedius group. The intraspecific uncorrected p-distances of C. in-
termedius was 0.00-1.87% (0.00-1.09% within the type locality; 1.75-1.87%
between the type locality and Khao Khitchakut).
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Morphological analyses

Multivariate analyses using PCA and DAPC of Khlong Hat samples and nine spe-
cies in the C. intermedius group revealed morphospatial differences along the
ordination of the first two components and accounted for 50.31% of the variation
(Fig. 3). The first six components of the PCA with eigenvalues > 1.0 accounted
for 80.47% of the variation in the dataset (Table 1). PC1 explained for 36.78% of
the variation and was heavily loaded with body size and head size (SVLadJ., HL,,,
HWadj). PC2 accounted for 13.53% of the variation and was heavily loaded on VS,
4SLE, 4SLU, and 4SLT. PC3-PC6 accounted for 11.76%, 7.09%, 6.50% and 4.81%
of the variation, respectively and were heavily loaded on 10, SL, IL, 4SLE, 4SLU,
LRT, FS, and PS (Table 1). The ordination of the first two components showed
that the Khlong Hat samples clustered separately from all other species except
C. intermedius (overlapped with one specimen). Factor loadings for each com-
ponent of the morphometric and meristic characters data are provided in Table
1. The DAPC (76.89% of cumulative variance) showed strong separation of the
Khlong Hat samples from all other species in the C. intermedius group (Fig. 3B).

Table 1. Summary of eigenvalues, standard deviation, percentage of variance, and factor loadings from the first six
principal components (PC) of 13 size-adjusted morphometric and ten meristic characters of Cyrtodactylus khlonghat-
ensis sp. nov., and nine congeners of the intermedius group including C. auralensis, C. bokorensis, C. cardamomensis,
C. intermedius, C. kohrongensis, C. kulenensis, C. laangensis, C. septimontium, and C. thylacodactylus. Values highlighted
in bold represent those with the greatest contribution (factor loading = 0.300) to the first six PCs with eigenvalue > 1.0.
Measurement abbreviations are defined in the text.

Eigenvalue
Standard deviation
% of variance
SVL,,

FL

adj

TBL,,
AG,,

HL

adj

HW

adj

HD

adj

ED

adj

EE

adj

Esadj
ENadj
IN

adj
10,
sL
IL
PVT
LRT
Vs
4SLE
4sLU
4sLT
FS
PS

PC1
8.458
2.908
36.78

-0.303
-0.280
-0.287
-0.209
-0.300
-0.305
-0.284
-0.267
-0.262
-0.292
-0.281
-0.088
-0.183
-0.138
-0.055
-0.205
-0.017
-0.079
-0.125
0.046
-0.058
0.013
-0.042

PC2 PC3 PC4 PC5 PC6
3.112 2.704 1.629 1.496 1.107
1.764 1.644 1.277 1.223 1.052
13.53 11.76 7.09 6.50 4.81
0.055 -0.189 0.049 -0.125 0.050
0.134 -0.037 0.271 0.011 -0.011
0.084 -0.006 0.278 0.009 -0.162
0.226 -0.249 0.187 -0.157 0.224
-0.129 -0.168 -0.021 -0.080 -0.078
-0.025 -0.161 -0.029 -0.099 0.079
0.119 0.149 -0.121 0.197 0.065
0.100 0.155 -0.023 -0.219 -0.127
-0.125 -0.160 -0.161 0.166 0.045
-0.113 0.063 -0.025 0.280 -0.036
-0.151 0.002 -0.077 0.213 -0.008
0.163 -0.173 0.284 0.287 -0.118
0.038 0.355 0.010 0.122 0.269
-0.265 0.183 -0.210 -0.207 -0.370
0.274 -0.046 -0.008 -0.447 -0.537
0.170 0.181 -0.248 -0.243 0.159
-0.103 -0.232 -0.527 -0.142 0.029
-0.305 -0.237 -0.104 -0.033 0.131
-0.341 0.358 -0.024 0.035 -0.107
-0.325 -0.064 0.424 -0.382 0.223
-0.446 0.203 0.270 -0.223 0.090
-0.201 -0.481 -0.100 -0.020 0.077
0.248 0.180 -0.161 -0.296 0.505
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A. Morphometrics-meristics PCA
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Figure 3. Multivariate analysis results of principal component analysis (PCA) and discriminant analysis of principal compo-
nent (DAPC) of 23 morphological variables for ten species (n = 59 individuals) of the intermedius group A PCA scatterplot
showing morphospatial differentiation among ten species in the intermedius group B DAPC plot based on the retention
of 4 PC axes and discriminant eigenvalues showing morphospatial variation among ten species in the intermedius group.

Taxonomic hypotheses

The Khlong Hat population is clearly distinct from all other members of the C.
intermedius group, as evidenced by the convergence of multiple analyses, includ-
ing the phylogeny, multivariate analyses, and discrete diagnostic morphological
characters (see “Comparison” below). Therefore, we hypothesize that the Khlong
Hat population represents a distinct species that is described below as new.
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Systematics

Cyrtodactylus khlonghatensis sp. nov.
https://zoobank.org/595F31AB-E56F-436B-951A-633B3703EE40
Figs 4-6

Suggested common name: Khlong Hat Bent-toed Gecko

Type material. Holotype + ZMKU R 01068, adult male (Figs 4, 5B, 6) from Thai-
land, Sa Kaeo Province, Khlong Hat District, Khlong Hat Subdistrict, Tham (= cave)
Phet Pho Thong (13°25.116'N, 102°19.690'E, 246 m elevation), collected on 28
July 2022 by Attapol Rujirawan. Paratypes. Five paratypes (three adults and two
sub-adults) *+ Two adult males (ZMKU R 01067, ZMKU R 01069) and one adult
female (ZMKU R 01070), same data as holotype ¢ One sub-adult female (ZMKU R
01071), same data as holotype * One sub-adult male (ZMKU R 01072), same data
as holotype, except from Khlong Kai Thuean Subdistrict, Tham Nam Khao Phra
Siwa (13°19.258'N, 102°19.661'E, 178 m elevation), collected on 29 July 2022.

Diagnosis. Cyrtodactylus khlonghatensis sp. nov. can be distinguished from
all other species of the intermedius group by having the following combination
of characters: (1) SVL of 76.5-82.8 mm (mean 80.5 + 3.5 mm, n = 3) in adult
males and 88.5 mm in an adult female (n = 1); (2) eight supralabial and nine
infralabial scales; (3) 30-32 paravertebral tubercles; (4) 20 or 21 longitudinal
rows of dorsal tubercles; (5) 43 or 44 ventral scales; (6) seven or eight expand-
ed subdigital lamellae on the 4t toe; (7) 12 unmodified subdigital lamellae on
the 4™ toe; (8) 19 or 20 total subdigital lamellae on the 4" toe; (9) 31 or 32
total number of enlarged femoral scales; (10) enlarged femoral and precloacal
scales continuous; (11) 6—8 pore-bearing precloacal scales in males; (12) three
or four rows of enlarged post-precloacal scales; (13) 1-3 postcloacal tuber-
cles; (14) proximal femoral scales < 1/2 the size of distal femoral scales; (15)
absence of interdigital pocketing between digits of forefeet and hindfeet; and
(16) posterior border of the nuchal loop rounded.

Description of holotype. Adult male in good state of preservation with 82.8 mm
SVL; head relatively moderate in length (HL/SVL 0.30), wide (HW/HL 0.64), slight-
ly flattened (HD/HL 0.36), distinct from the neck, and triangular in dorsal profile;
lores concave anteriorly, inflated posteriorly; frontal region flattened, prefrontal
region concave; canthus rostralis rounded; snout rather elongate (ES/HL 0.40),
rounded in the rostral region, eye to snout distance slightly greater than head
depth; eye large (ED/HL 0.21), eyeball slightly protuberant, pupil vertical, the eye
to ear distance greater than eye diameter; ear opening elliptical, obliquely orient-
ed, moderate in size (EL/HL 0.07); rostral large, subrectangular, wider (3.3 mm)
than high (1.8 mm), partially divided by a dorsal furrow, posteriorly bordered by
left and right supranasals and smaller three internasal scales, laterodorsally bor-
dered by nostril opening and 1¢t supralabial; external nares anteriorly bordered by
rostral, dorsally by large supranasal, posteriorly by two small postnasals, ventrally
bordered by 1%t supralabial; 8L/8R subrectangular supralabials extending to be-
low the center of the eye, 10L/10R to the posterior margin of the eyeball, subrect-
angular anteriorly, elliptical shape posteriorly; 2" to 6" supralabials slightly larger
than 1t suprabial; 6L/6R infralabials extending to below center of the eye, 9L/9R
to below the posterior margin of the eyeball, larger than supralabials, tapering
smoothly posteriorly; scales of frontonasal, prefrontal and lores small, domed,
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Figure 4. Adult male holotype of Cyrtodactylus khlonghatensis sp. nov. (ZMKU R 01068) from Tham Phet Pho Thong,
Khlong Hat Subdistrict, Khlong Hat District, Sa Kaeo Province, Thailand, prior to preservation A dorsal view B ventral view
C palmar view of the right hand D plantar view of the right foot E lateral view of left side of head, and F precloacal region
showing distribution of enlarged femeroprecloacal scales. Scale bar in dorsal and ventral views: 10 mm.
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relatively raise, slightly larger than granular scales on top of head and occiput;
scales of occiput and top of head intermixed with scattered, distinct, enlarged
tubercles, more prominent tubercles between occiput and ear opening; dorsal su-
praciliaries smooth, not elongate; mental large, triangular, 3.2 mm in width, 2.4
mm in length, laterally bordered by 1¢t infralabial and posteriorly by large, left and
right trapezoidal postmentals which contact medially for 50% of their length pos-
terior to mental; one row of slightly enlarged, elongate sub-labials extending pos-
teriorly to 7" infralabials for both side; and gular and throat scales small, granular,
grading posteriorly into larger, smooth, flat, imbricate, pectoral and ventral scales.

Body slender, relatively short (AG/SVL 0.41), with poorly-defined ventrolateral
folds posteriorly; dorsal scales small, homogenous, granular, interspersed with
relatively large, conical, semi-regularly arranged, slightly prominent trihedral
keeled tubercles; tubercles extending from occipital region onto base of tail but
end at regenerated tail, smaller at the anterior portion of body and increasing in
size posteriorly; tubercles on occiput, nape and upper body at the level above
shoulder smaller, subconical; mid-dorsally, on the posterior section of the body
and tail larger, more dense, slightly more prominently keeled, semi-regularly ar-
ranged; approximately 21 longitudinal rows of dorsal tubercles between ventro-
lateral body folds at midbody; 32 paravertebral tubercles; 44 longitudinal rows
of flat, imbricate smooth ventral scales between ventrolateral body fold much
larger than dorsal scales; one row of 16L/15R enlarged femoral scales contin-
uous with enlarged precloacal scales, enlarged femoral scales extending along
2/3 of the femora; proximal femoral scales < 1/2 size of distal femoral scales;
femoral pores absent; seven enlarged, pore-bearing precloacal scales, smooth,
approximately twice the size of femoral scales; precloacal groove or depres-
sion absent; three rows of enlarged post-precloacal scales.

Forelimbs rather slender, relatively short (FL/SVL 0.14); granular scales on
forearm slightly larger than those on body, interspersed with enlarged, subcon-
ical smooth tubercles; dorsal scales of wrist and palm slightly rounded, flat,
smooth, imbricate, slightly raise; ventral scales of palm flat, weakly rounded,
smaller than those on body, slightly raised; 18L/18R total subdigital lamellae
on 4™ finger; 7L/7R proximal subdigital lamellae rectangular with rounded, wide,
transversely expanded proximal to joint inflection on 4" finger, 11L/11R un-
modified lamellae distal to inflection, gradually more expanded near the claw;
digits narrower distal to inflections; interdigital pocketing absent on the fore-
feet; claws well-developed, relatively short, claw base sheathed by a dorsal and
ventral scales; hindlimbs more robust than forelimbs, moderate in length (TBL/
SVL 0.17); dorsal scales slightly rounded, granular, subconical, interspersed
with enlarged subconical, smooth tubercles, and anteriorly by flat, slightly larger
scales; ventral scales of femora flat, imbricate, smooth, larger than dorsals; ven-
tral scales of tibia and subtibia flat, smooth, imbricate; 20L/20R total subdigital
lamellae on 4" toe, 8L/8R proximal subdigital lamellae, rectangular with round-
ed, wide, transversely expanded proximal to joint inflection on 4" toe, 12L/12R
unmodified lamellae distal to inflection, gradually more expanded near the claw;
digits narrower distal to inflections; interdigital pocketing absent on the hindfeet;
claws well-developed, short, claw base sheathed by a dorsal and ventral scales.

Tail regenerated, 100.5 mm in length, longer than SVL (TL/SVL 1.21), mod-
erate in proportions, cylindrical, segmented, wide anteriorly, 7.7 mm in width at
the base, tapering to a point, becoming slender toward the tip; dorsal scales of
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Figure 5. Variation in color pattern of Cyrtodactylus khlonghatensis sp. nov. Tham Phet Pho Thong, Khlong Hat Subdis-
trict, Khlong Hat District, Sa Kaeo Province, Thailand, in life A adult male paratype (ZMKU R 01067) B adult male holotype
(ZMKU R 01068) C adult male paratype (ZMKU R 01069), and D adult female paratype (ZMKU R 01070).

the original portion of tail small, flat, squared; dorsal scales of tail base granu-
lar, rounded, regenerated portion covered by small, smooth subcircular scales,
grading posteriorly into larger, flatter; trihedral keeled tubercles forming paraver-
tebral rows on tail base extending to posterior margin of 1/2 of tail; subcaudal
scale rows enlarge, smooth; median row of transversely expanded subcaudal
scales present, significantly larger than dorsal caudal scales; well-defined nar-
row ventrolateral subcaudal furrow present; tail base bearing hemipenial swell-
ings; 3L/3R smooth, conical, flat, imbricate postcloacal tubercles on either side
of hemipenial swellings; and postcloacal tubercles approximately equal in size.

Coloration of holotype in life. (Figs 4, 5B). Dorsal ground color of head, body,
and limbs light-brown; indistinct dark-brown markings on top of head; super-
ciliary scales pale yellow anteriorly and posteriorly; iris brown with dark brown
vermiculations; rostral and loreal regions dark brown; rostral, mental, supral-
abial and infralabial scales creamy-white with scattered dark brown pigment;
dark brown nuchal loop with rounded posterior border extends from posterior
margin of orbit to posterior margin of the other orbit; nuchal loop edged with
thin, pale lines and creamy white tubercles; four similar dark brown body bands,
edged in creamy white tubercles with slightly paler centers occur between limb
insertion; first body band terminates at shoulders near anterior margin of fore-
limb insertion; second and third body bands terminate at dorsal to ventrolateral
fold on flanks; fourth body band terminates at anterior margin of hindlimb in-
sertion; limbs lighter brown; dorsal portion of forelimbs bearing scattered dark
brown markings; dorsal portion of hindlimbs bearing pale yellow spots; four
wide dark brown caudal bands encircling the original tail edged in creamy white
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Figure 6. Adult male holotype of Cyrtodactylus khlonghatensis sp. nov. (ZMKU R 01068; field number AA 07612) from
Tham Phet Pho Thong, Khlong Hat Subdistrict, Khlong Hat District, Sa Kaeo Province, Thailand, in preservation A head
dimensions showing dorsal, ventral, and lateral views B dorsal and ventral views C dorsal view of trunk. Scale bars in
dorsal and ventral views: 10 mm.
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tubercles; three wide pale caudal bands brown encircling tail; regenerated tail,
uniformly brown with small, scattered creamy white markings dorsally; regener-
ated tail extending from posterior margin of 4 dark caudal band.

Ventral surfaces of head, body, and limbs dull white to beige, stippled; ventral
surfaces of fingers and toes with dark pigmentation; subdigital lamellae on fingers
and toes off-white; palmar surface dark brown; hemipenial swelling dark brown
with scattered pale yellow; subcaudal region darkened with fine mottling anteriorly.

Coloration in preservative. (Fig. 6). Overall color pattern of head, body, limbs,
flanks, and tail remains similar to that observed in life; dorsal ground color be-
came pale brown in hue; all creamy white tubercles and scales on both dorsal and
ventral surfaces faded to an off-white; dark body bands and dark caudal bands
appear lighter than observed in life; entire ventral surfaces changed to greyish
white with small, refined dark mottling; regenerated tail turned pale brown.

Variation. All paratypes closely resemble the holotype in coloration (Fig. 5).
Morphometric, meristic and color pattern characters of the type series of C. kh-
longhatensis sp. nov. are presented in Tables 2, 3. ZMKU R 01067 (adult male),
ZMKU R 01069 (adult male), ZMKU R 01070 (adult female), ZMKU R 01071 (sub-
adult female), and ZMKU R 01072 (subadult male) bear dark brown blotches on
the top of the head. The adult female (ZMKU R 01070) exhibits a pale-colored
nuchal loop, body, and caudal bands edged with creamy white tubercles. All
paratypes have regenerated tails, except for two subadult specimens (ZMKU R
01071-01072), which retain their original tails with a caudal band encircling the
tail edge. Posterior portion of tail in juveniles (not collected) white.

Distribution. Cyrtodactylus khlonghatensis sp. nov. is currently known from
only two localities: (1) Tham Phet Pho Thong (type locality) in Khlong Hat Dis-
trict, Sa Kaeo Province, Thailand; and (2) Tham Nam Khao Phra Siwa, Khlong

Table 2. Descriptive measurements of the type series (adult) of Cyrtodactylus khlong-
hatensis sp. nov. in millimeters. Abbreviations are defined in Materials and methods.
Key: n = number.

Holotype male Holotype and paratypes males Paratype females
Characters n=3
n=1 " n=1
Min—-Max Mean * SD

SVL 82.8 76.5-82.8 80.5+3.5 88.5
AG 33.8 33.7-33.9 33.8+0.1 38.4
ED 5.2 51-5.3 52+0.1 57
EE 7.1 6.9-7.2 7.1+0.1 7.4
EL 1.7 1.6-1.8 1.7 +£0.1 1.7
EN 7.7 7.4-7.9 7.7 0.2 7.7
ES 9.8 9.6-9.9 9.7+0.2 9.5
FL 11.7 11.6-11.7 11.7+0.1 12.0
HD 9.0 8.3-9.0 88104 9.2
HL 24.7 23.4-24.7 24.1+0.6 254
HW 15.9 15.2-15.9 15.6+0.4 16.1
IN 2.4 2.2-2.4 2.3%0.1 2.2
10 3.5 3.2-3.5 34102 3.2
TBL 141 13.9-14.2 14102 144
TL (original) - - - -
TL (regenerated) 100.5 20.8-100.5 69.2 +42.6 86.5
™ 7.7 7.2-7.7 7.4+02 7.4

ZooKeys 1211: 101-130 (2024), DOI: 10.3897/z00keys.1211.122563 17



Natee Ampai et al.: A new species of Cyrtodactylus intermedius group from eastern Thailand

Table 3. Morphological data for the type series of Cyrtodactylus khlonghatensis sp. nov. Abbreviations are defined in
Materials and methods. Key: re = regenerated tail; L = left; R = right; NA = not applicable.

ZMKUR ZMKUR ZMKUR ZMKU R ZMKU R ZMKUR
Characters

01068 01067 01069 01070 01071 01072
Type Holotype Paratype Paratype Paratype Paratype Paratype
Sex Male Male Male Female Subadult- = Subadult-
female male
SVL 82.8 76.5 82.2 88.5 65.9 64.2
TL 100.5re 20.8re 86.3re 86.5re 85.5 80.1
T™W 7.7 7.2 7.3 7.4 5.2 6.1
FL 11.7 11.6 11.6 12.0 9.3 9.4
TBL 14.1 13.9 14.2 14.4 10.4 10.9
AG 33.8 33.7 33.9 38.4 27.3 29.0
HL 24.7 23.4 24.2 25.4 19.2 189
HW 15.9 15.2 15.8 16.1 11.9 12.7
HD 9.0 8.3 8.9 9.2 6.9 7.1
ED 5.2 5.1 53 5.7 3.9 4.2
EE 7.1 6.9 7.2 7.4 5.8 5.6
ES 9.8 9.6 9.9 9.5 7.5 7.4
EN 7.7 7.4 7.9 7.7 5.7 5.5
EL 1.7 1.6 1.8 1.7 1.4 1.1
IN 2.4 2.2 2.3 2.2 1.9 1.9
10 3.5 32 34 3.2 2.7 2.7
supralabials 8L/8R 8L/8R 8L/8R 8L/8R 8L/8R 8L/8R
infralabials 9L/9R 9L/9R 9L/9R 9L/9R 9L/9R 9L/9R
paravertebral tubercles 32 31 31 30 30 31
longitudinal rows of tubercles 21 21 20 21 20 20
ventral scales 44 44 44 43 43 43
expanded subdigital lamellae on 4™ toe 8 8 7 8 8 8
unmodified subdigital lamellae on 4™ toe 12 12 12 12 12 12
total subdigital lamellae on 4t toe 20 20 19 20 20 20
sum of enlarged femoral scales 31 32 32 32 32 32
(16L/15R) | (16L/16R) | (16L/16R) | (16L/16R) | (16L/16R) = (16L/16R)
precloacal scales 7 6 8 8 8 7
precloacal pores 7 6 8 7 pits 8 pits 7
post-precloacal scales rows 3 4 3 4 4 3
postcloacal tubercles 3L/3R 2L/2R 3L/3R 2L/2R 1L/1R 2L/3R
body bands 4 4 4 4 4 4
femoral and precloacal scales continuous (yes or no) yes yes yes yes yes yes
proximal femoral scales < 1/2 size of distal femorals yes yes yes yes yes yes
pocketing between digits of hindfeet no no no no no no
pocketing between digits of forefeet no no no no no no
dark pigmented blotches on top of the head no yes yes yes yes yes

posterior border of the nuchal loop rounded or pointed | rounded rounded rounded rounded rounded rounded

no. of dark caudal bands NA NA NA NA 10 10
no. of light caudal bands NA NA NA NA 9 9
dark caudal bands wider than light caudal bands NA NA NA NA yes yes
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Kai Thuean Subdistrict, Khlong Hat District, Sa Kaeo Province, Thailand, approx-
imately 10 km from the type locality.

Natural history. The type locality is an isolated karstic formation mountain sur-
rounded by karstic outcrops in dry deciduous forest at an elevation of 246 m. The
type series of C. khlonghatensis sp. nov. was found during both day (1400-1530 h)
and night (1900-2000 h) in various microhabitats of the Tham Phet Pho Thong
karstic area (Fig. 7), including karstic boulders, karstic wall, cracks, and crevices;
shrubs; vines and other vegetations. The male holotype was found at night (1950 h),
perched on a dry vine near a karstic wall, approximately 20 cm above the ground.
The male paratype (ZMKU R 01067) was found during the day on a karstic wall in
a cave, approximately 5 m from the entrance, with air temperatures of 26.3 °C and
a relative humidity of 93.3%. Another male paratype (ZMKU R 01069) was found at
night on a karstic wall in a cave. The female paratype (ZMKU R 01070) was found
perched on a dry log along a trail in a karstic habitat. A subadult male (ZMKU R
01071) was found perched upside down on a shrub, approximately 50 cm above
ground level. At Tham Nam Khao Phra Siwa, a subadult female (ZMKU R 01072)
was found on crevices of a karstic wall near a cave entrance, approximately 50 cm

@
. 4

Figure 7. Habitats of Cyrtodactylus khlonghatensis sp. nov. at the type locality of Tham
Phet Pho Thong, Khlong Hat Subdistrict, Khlong Hat District, Sa Kaeo Province, Thailand
A the isolated karstic mountain surrounded by karstic outcrops with dry deciduous for-
est B karstic trail C karst boulders.
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above the ground. Cyrtodactylus khlonghatensis sp. nov. is likely a nocturnal spe-
cies that inhibits karstic environments. During the day, individuals were found to
be inactive in shaded areas with cracks, while at night, they were active both on
the karstic terrain and in vegetation. In this survey, the smaller nocturnal gekkonid
Gehyra mutilata (Wiegmann, 1834) was found in sympatry on karstic boulders,
karstic outcrops and vegetations such as tree trunks and dry shrubs.

Comparisons. (Suppl. materials 3, 4). Cyrtodactylus khlonghatensis sp. nov.
is differentiated from 13 recognized species of the intermedius group by having
a unique combination of morphological characteristics and uncorrected pair-
wise sequence divergences of mtDNA (ND2) of 4.73-22.55%.

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. auralensis by
having a larger maximum SVL of 88.5 mm (vs 84.3 mm); 20 or 21 longitudinal
rows of body tubercles (vs 17 or 18 rows); and 31 or 32 total number of en-
larged femoral scales (vs 23-28 scales).

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. bokorensis by
having a smaller maximum SVL of 88.5 mm (vs 93.0 mm); 31 or 32 total num-
ber of enlarged femoral scales (vs 26—30 scales); and posterior border of the
nuchal loop rounded (vs pointed).

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. cardamomen-
sis by having a larger maximum SVL of 88.5 mm (vs 84.1 mm); 7 or 8 expanded
subdigital lamellae proximal to the digital inflection on the 4% toe (vs 5 or 6
lamellae); 31 or 32 total number of enlarged femoral scales (vs 23-28 scales);
6—8 precloacal pores (vs 9 or 10 pores); proximal femoral scales < 1/2 size of
distal femoral scales present (vs absent); and dark pigmented blotches on top
of the head varies (vs absent).

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. disjunctus by
having a larger maximum SVL of 88.5 mm (vs 66.7 mm); 8 supralabial scales
(vs 12 scales); 9 infralabial scales (vs 11 scales); 30-32 paravertebral tuber-
cles between limb insertions (vs 41 tubercles); 20 or 21 longitudinal rows of
body tubercles (vs 11 rows); 43 or 44 longitudinal rows of ventral scales (vs 36
rows); 12 unmodified subdigital lamellae distal to the digital inflection on the
4t toe (vs 9 lamellae); 19 or 20 total number of subdigital lamellae beneath the
4t toe (vs 17 lamellae); 31 or 32 total number of enlarged femoral scales (vs 21
scales); 6—8 precloacal scales (vs 10 scales); 6—-8 precloacal pores (vs 9 pits);
3 or 4 rows of post-precloacal scales (vs 1 row); enlarged femoral and precloa-
cal scales continuous (vs discontinuous); 4 body bands (vs 3 bands); and dark
pigmented blotches on top of the head varies (vs absent).

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. hontreensis by
having 8 supralabial scales (vs 11-13 scales); 30—32 paravertebral tubercles
between limb insertions (vs 20-24 tubercles); 20 or 21 longitudinal rows of
body tubercles (vs 14 rows); 43 or 44 longitudinal rows of ventral scales (vs
40-42 rows); 31or 32 total number of enlarged femoral scales (vs 4-9 scales);
enlarged femoral and precloacal scales continuous (vs discontinuous); and 4
body bands (vs 3 bands).

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. intermedius
by having 31 or 32 total number of enlarged femoral scales (vs 23-26 scales);
and dark pigmented blotches on top of the head varies (vs absent).

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. kohrongensis by
having a larger maximum SVL of 88.5 mm (vs 76.1 mm); 43 or 44 longitudinal
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rows of ventral scales (vs 38-42 rows); 31 or 32 total number of enlarged femoral
scales (vs 14-26 scales); enlarged femoral and precloacal scales continuous (vs
discontinuous); and dark pigmented blotches on top of the head varies (vs absent).

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. kulenensis by
having 30—32 paravertebral tubercles between limb insertions (vs 33-38 tuber-
cles); 20 or 21 longitudinal rows of body tubercles (vs 17-19 rows); 31 or 32 total
number of enlarged femoral scales (vs 10—-21 scales); 6—8 precloacal scales (vs 9
or 10 scales); and dark pigmented blotches on top of the head varies (vs absent).

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. laangensis by
having a larger maximum SVL of 88.5 mm (vs 82.2 mm); 9 infralabial scales (vs
10-11 scales); 20 or 21 longitudinal rows of body tubercles (vs 17 or 18 rows);
43 or 44 longitudinal rows of ventral scales (vs 37-40 rows); and 31 or 32 total
number of enlarged femoral scales (vs 0—16 scales).

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. phuquocensis
by having a larger maximum SVL of 88.5 mm (vs 85.8 mm); 8 supralabial scales
(vs 9-13 scales); 20 or 21 longitudinal rows of body tubercles (vs 16-18 rows);
7 or 8 expanded subdigital lamellae proximal to the digital inflection on the 4"
toe (vs 5 or 6 lamellae); 31 or 32 total number of enlarged femoral scales (vs 21—
28 scales); and dark pigmented blotches on top of the head varies (vs absent).

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. regicaverni-
colus by having a larger maximum SVL of 88.5 mm (vs 80.7 mm); 20 or 21
longitudinal rows of body tubercles (vs 15—18 rows); 31 or 32 total number of
enlarged femoral scales (vs 8—23 scales); and enlarged femoral and precloacal
scales continuous (vs discontinuous).

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. septimontium
by having a smaller maximum SVL of 88.5 mm (vs 90.4 mm); 20 or 21 longi-
tudinal rows of body tubercles (vs 16—19 rows); 43 or 44 longitudinal rows of
ventral scales (vs 38—42 rows); and 31 or 32 total number of enlarged femoral
scales (vs 24-28 scales)

Cyrtodactylus khlonghatensis sp. nov. is distinguished from C. thylacodactylus
by having a larger maximum SVL of 88.5 mm (vs 74.6 mm); 8 supralabial scales
(vs 7 scales); 43 or 44 longitudinal rows of ventral scales (vs 36—42 rows); 7 or
8 expanded subdigital lamellae proximal to the digital inflection on the 4" toe (vs
5 or 6 lamellae); 19 or 20 total number of subdigital lamellae beneath the 4* toe
(vs 15-18 lamellae); 31 or 32 total number of enlarged femoral scales (vs 17-22
scales); proximal femoral scales < 1/2 size of distal femoral scales present (vs
absent); interdigital pocketing between digits of forefeet and hindfeet absent (vs
present); and dark pigmented blotches on top of the head varies (vs absent).

Etymology. The specific epithet khlonghatensis is named after the type local-
ity of Khlong Hat Subdistrict, Khlong Hat District, Sa Kaeo Province, Thailand.

Discussion

In recent decades, there has been a notable increase in research focusing on the
taxonomy and systematics of Cyrtodactylus, especially in Southeast Asia (Welton
et al. 2010; Johnson et al. 2012; Oliver et al. 2014; Grismer et al. 2020a, 2021a,
2021b, 2022, 20233, 2023b; Chan et al. 2023; Ngo et al. 2022; Termprayoon et
al. 2023; Uetz et al. 2024). Grismer et al. (2015) first noted that C. intermedius
represented a species complex with ecomorphologically diverse characteristics.
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An integrative taxonomic approach, combining morphological, molecular data,
and ecology, has played a crucial role in unveiling the hidden diversity within the
intermedius group (Murdoch et al. 2019; Grismer et al. 2020a, 2021b, 2023a).

The discovery of Cyrtodactylus khlonghatensis sp. nov. further highlights the
remarkable endemism of gekkonids in the isolated hilly karstic regions of the In-
do-Burma Hotspot (e.g., Grismer et al. 2014, 2018b; Murdoch et al. 2019; Ruji-
rawan et al. 2019; Nguyen et al. 2020; Luu et al. 2023), while also demonstrating
the adaptability of habitat preferences within the C. intermedius group. The discov-
ery of this new species increases the total number of species in the C. intermedius
group to 14, of which three occur in Thailand. These finding also suggest that ad-
ditional members of the C. intermedius group may exist in Thailand, where vast un-
explored karst landscapes remain. Further surveys are warranted to delineate the
geographic distribution of C. intermedius in eastern and northeastern Thailand.

This study provides the first genetic data for C. intermedius from its type local-
ity at Khao Sebab (= Namtok Phlio National Park, Mueang Chanthaburi District),
Chanthaburi Province. We identified an error in the reported sampling locality
of C. intermedius (LSUHC 9513) that was incorrectly listed as “Khao Soi Dao,
Chanthaburi, Thailand” (see Murdoch et al. 2019: table 1), rectified here to the
sampling locality of “Khao Khitchakut, Chanthaburi Province, Thailand” (Suppl.
material 1). Our results support the hypotheses of Murdoch et al. (2019) that
C. intermedius from Khao Khitchakut, located 30 km north of the type locality,
is conspecific with true C. intermedius. This confirmation is also based on mor-
phological comparisons between syntypes (UMMZ 78687, MCZ R 39040, and
FMNH 215981; see Murdoch et al. 2019), the newly collected topotypic speci-
mens from this study (ZMKU R 01037-01038 and ZMKU R 01044-01045), and
the Khao Khitchakut population (LSUHC 9513; see Murdoch et al. 2019). The
phylogenetic position of C. intermedius from the type locality was recovered as
the sister species to a clade composed of three species: C. khlonghatensis sp.
nov. from Khlong Hat District, Sa Kaeo Province, Cyrtodactylus sp. from Sakaer-
at Biosphere Reserve, Wang Nam Khiao District, Nakhon Ratchasima Province,
and C. kulenensis from Phnom Kulen National Park, Phnom Kbal, Benteay Srei
District, Siem Reap Province, Cambodia. The eastern-southern division of the C.
intermedius group shown here is concordant with previous studies (Murdoch et
al. 2019; Grismer et al. 2015, 20204a, 2021b, 2023a).

Thailand’s complex geological history is evident in the abundance of lime-
stone and granite formations found in the eastern and northeastern regions
(Day and Urich 2000; Morley et al. 2011). These karstic regions and granitic out-
crops are revealing a rich diversity of reptiles, particularly species with limited
ranges (Bauer and Das 1998; Bauer et al. 2002; Wood et al. 2010; Murdoch et al.
2019; Vogel and Patrick 2019; Grismer et al. 2019). To enhance our understand-
ing of the taxonomy, ecology, distribution, biogeography, and conservation of
C. intermedius group in eastern and northeastern Thailand, further research
and additional field surveys in unexplored regions are imperative.

Acknowledgments

Department of National Parks, Wildlife and Plant Conservation, Thailand pro-
vided permission to conduct the research in Namtok Phlio National Park. Tawat
Jenkarn (superintendent of Namtok Phlio National Park) and the Namtok Phlio

ZooKeys 1211: 101-130 (2024), DOI: 10.3897/z00keys.1211.122563 122



Natee Ampai et al.: A new species of Cyrtodactylus intermedius group from eastern Thailand

National Park’s staffs for facilitating the fieldwork. Taksin Artchawakom (Sa-
kaerat Environmental Research Station) for scientific support. We thank L. Lee
Grismer, Jesse L. Grismer, Evan S.H. Quah, and Mohd Abdul Muin for their valu-
able suggestions, which greatly improved the manuscript.

Additional information

Conflict of interest

The authors have declared that no competing interests exist.

Ethical statement

This research was approved by the Institutional Animal Care and Use Committee of
Srinakharinwirot University (permit no. COA/ AE-015-2565).

Funding

This work was financially supported by Office of the Permanent Secretary, Ministry of
Higher Education, Science, Research and Innovation (Grant No. RGNS 65-191).

Author contributions

Conceptualization, Aowphol A., Ampai N., Rujirawan, A.; Methodology and Investiga-
tion, Ampai N., Rujirawan A., Aowphol A, Yodthong S., Termprayoon, T., Stuart B.L,;
Writing original draft, Ampai N., Rujirawan, A., Aowphol A.; Editing, Ampai N., Ruji-
rawan A., Aowphol A,, Yodthong S., Termprayoon, T., Stuart, B.L.; Supervision, Aowphol
A., Rujirawan, R.

Author ORCIDs

Natee Ampai @ https://orcid.org/0000-0001-8562-299X

Attapol Rujirawan @ https://orcid.org/0000-0001-9179-6910
Siriporn Yodthong © https://orcid.org/0000-0001-6577-5358
Korkhwan Termprayoon © https://orcid.org/0000-0003-1903-3040
Bryan L. Stuart © https://orcid.org/0000-0003-4719-1951
Anchalee Aowphol © https://orcid.org/0000-0001-9504-4601

Data availability

All of the data that support the findings of this study are available in the main text or
Supplementary Information.

References

Agarwal I, Mahony S, Giri VB, Chaitanya R, Bauer AM (2018) Six new Cyrtodactylus
(Squamata: Gekkonidae) from northeast India. Zootaxa 4524(5): 501-535. https://
doi.org/10.11646/zootaxa.4524.5.1

American Veterinary Medical Association (2020) AVMA guidelines for the euthanasia
of animals: 2020 edition. https://www.avma.org/sites/default/files/2020-02/Guide-
lines-on-Euthanasia-2020.pdf [Accessed 16 July 2024]

Bauer AM, Das | (1998) A new Cnemaspis (Reptilia: Gekkonidae) from Southeastern
Thailand. Copeia: 439-444. https://doi.org/10.2307/1447438

Bauer AM, Pauwels OSG, Chanhome L (2002) A new species of cave-dwelling Cyrtodac-
tylus (Squamata: Gekkonidae) from Thailand. Tropical Natural History 2(2): 19-29.

ZooKeys 1211: 101-130 (2024), DOI: 10.3897/z00keys.1211.122563 123



Natee Ampai et al.: A new species of Cyrtodactylus intermedius group from eastern Thailand

Cangelosi R, Goriely A (2007) Component retention in principal component anal-
ysis with application to cDNA microarray data. Biology direct 2: 2. https://doi.
org/10.1186/1745-6150-2-2

Chan KO, Grismer LL (2021) A standardized and statistically defensible framework for
quantitative morphological analyses in taxonomic studies. Zootaxa 5023(2): 293~
300. https://doi.org/10.11646/zootaxa.5023.2.9

Chan KO, Grismer LL, Santana F, Pinto P, Loke FW, Conaboy N (2023) Scratching the sur-
face: a new species of Bent-toed gecko (Squamata, Gekkonidae, Cyrtodactylus) from
Timor-Leste of the darmandvillei group marks the potential for future discoveries.
ZooKeys 1139: 107-126. https://doi.org/10.3897/zookeys.1139.96508

Chhin S, Neang T, Chan S, Kong K, Ou R, Samorn V, Sor R, Lou V, Sin S, Chhim M, Stuart
BL, Grismer LL (2024) A new species in the Cyrtodactylus intermedius (Squamata:
Gekkonidae) group from an isolated limestone karst formation in southwestern Cam-
bodia. Zootaxa 5474(1): 1-20. https://doi.org/10.11646/zootaxa.5474.1.1

Chomdej S, Pradit W, Pawangkhanant P, Kuensaen C, Phupanbai A, Naiduangchan
M, Piboon P, Nganvongpanit K, Yuan Z, Zhang Y, Che J, Sucharitakul P, Suwannap-
oom C (2022) A new Cyrtodactylus species (Reptila: Gekkonidae) from Nan Prov-
ince, Northern Thailand. Asian Herpetological Research 13(2): 96-108. https://doi.
org/10.16373/j.cnki.ahr.210055

Conroy CJ, Papenfuss T, Parker J, Hahn N (2009) Use of tricaine methanesulfonate (MS-
222) for euthanasia of reptiles. Journal of the American Association for Laboratory
Animal Science 48: 28-32.

Day M, Urich P (2000). An assessment of protected karst landscapes in Southeast Asia.
Cave and Karst Science 27: 61-70.

Geissler P,Hartmann T, Ihlow F, Neang T, Seng R, Wagner P, Bchme W (2019) Herpetofau-
na of the Phnom Kulen National Park, northern Cambodia — an annotated checklist.
Cambodian Journal of Natural History 2019(1): 40-63.

Grismer LL, Wood Jr PL, Shahrul A, Awal R, Norhayati A, Muin M, Sumontha M, Gris-
mer J, Chan K, Quah ESH, Pauwels OSG (2014) Systematics and natural history of
Southeast Asian Rock Geckos (genus Cnemaspis Strauch, 1887) with descriptions of
eight new species from Malaysia, Thailand, and Indonesia. Zootaxa 3880(1): 1-147.
https://doi.org/10.11646/zootaxa.3880.1.1

Grismer LL, Wood Jr PL, Ngo VT, Murdoch ML (2015) The systematics and independent
evolution of cave ecomorphology in distantly related clades of Bent—toed Geckos
(Genus Cyrtodactylus Gray, 1827) from the Mekong Delta and islands in the Gulf of
Thailand. Zootaxa, 3980(1): 106—126. https://doi.org/10.11646/zootaxa.3980.1.6

Grismer LL, Wood Jr PL, Quah ESH, Murdoch ML, Grismer MS, Herr MW, Espinoza RE,
Brown RM, Lin A (2018a) A phylogenetic taxonomy of the Cyrtodactylus peguensis
group (Reptilia: Squamata: Gekkonidae) with descriptions of two new species from
Myanmar. Peerd 6: €5575. https://doi.org/10.7717/peerj.5575

Grismer LL, Wood Jr PL, Thura MK, Zin T, Quah ESH, Murdoch ML, Grismer MS, Lin A, Kyaw
H, Lwin N (2018b) Twelve new species of Cyrtodactylus Gray (Squamata: Gekkonidae)
from isolated limestone habitats in east-central and southern Myanmar demonstrate
high localized diversity and unprecedented microendemism. Zoological Journal of the
Linnean Society 182(4): 862-959. https://doi.org/10.1093/zoolinnean/zIx057

Grismer LL, Wood Jr PL, Quah ESH, Anuar S, Poyarkov NA, Thy N, Orlov NL, Thammachoti P,
Seiha H (2019). Integrative taxonomy of the Asian skinks Sphenomorphus stellatus (Bou-
lenger, 1900) and S. praesignis (Boulenger, 1900) with the resurrection of S. annamiticus

ZooKeys 1211: 101-130 (2024), DOI: 10.3897/z00keys.1211.122563 124



Natee Ampai et al.: A new species of Cyrtodactylus intermedius group from eastern Thailand

(Boettger, 1901) and the description of a new species from Cambodia. Zootaxa 4683(3):
zootaxa.4683.3.4. https://doi.org/10.11646/zootaxa.4683.3.4

Grismer LL, Chan KO, Oaks JR, Neang T, Sokun L, Murdoch ML, Stuart BLS, Grismer JL
(2020a) A new insular species of the Cyrtodactylus intermedius (Squamata: Gekkoni-
dae) group from Cambodia with a discussion of habitat preference and ecomorphol-
ogy. Zootaxa 4830(1): 75-102. https://doi.org/10.11646/zootaxa.4830.1.3

Grismer LL, Wood Jr PL, Le MD, Quah ES, Grismer JL (2020b) Evolution of habitat prefer-
ence in 243 species of Bent-toed geckos (Genus Cyrtodactylus Gray, 1827) with a dis-
cussion of karst habitat conservation. Ecology and Evolution 10(24): 13717-13730.
https://doi.org/10.1002/ece3.6961

Grismer LL, Wood Jr PL, Poyarkov NA, Le MD, Kraus F, Agarwal |, Oliver PM, Nguyen
SN, Nguyen TQ, Karunarathna S, Welton LJ, Stuart BL, Luu VQ, Bauer AM, O’Con-
nell KA, Quah ESH, Chan KO, Ziegler T, Ngo H, Nazarov RA, Aowphol A, Chomdej
S, Suwannapoom C, Siler CD, Anuar S, Tri NV, Grismer JL (2021a) Phylogenetic
partitioning of the third-largest vertebrate genus in the world, Cyrtodactylus Gray,
1827 (Reptilia; Squamata; Gekkonidae) and its relevance to taxonomy and conser-
vation. Vertebrate Zoology 71: 101-154. https://doi.org/10.3897/vertebrate-zool-
0gy.71.e59307

Grismer LL, Geissler P, Neang T, Hartmann T, Wagner P, Poyarkov, NA (2021b) Molecular
phylogenetics, PCA, and MFA recover a new species of Cyrtodactylus (Squamata:
Gekkonidae) from an isolated sandstone massif in northwestern Cambodia. Zootaxa
4949(2): 261-288. https://doi.org/10.11646/zootaxa.4949.2.3

Grismer LL, Aowphol A, Yodthong S, Ampai N, Termprayoon K, Aksornneam A, Rujirawan
A (2022) Integrative taxonomy delimits and diagnoses cryptic arboreal species of
the Cyrtodactylus brevipalmatus group (Squamata, Gekkonidae) with descriptions of
four new species from Thailand. ZooKeys 1129: 109-162. https://doi.org/10.3897/
zookeys.1129.90535

Grismer LL, Pawangkhanant B, Idiiatullina SS, Trofimets AV, Nazarov RA, Suwannapoom
C, Poyarkov NA (2023a) A new species of Cyrtodactylus Gray, 1827 (Squamata: Gek-
konidae) from the Thai-Malay Peninsula and the independent evolution of cave eco-
morphology on opposite sides of the Gulf of Thailand. Zootaxa 5352(1): 109-136.
https://doi.org/10.11646/zootaxa.5352.1.4

Grismer LL, Rujirawan A, Chomdej S, Suwannapoom C, Yodthong S, Aksornneam A,
Aowphol A (2023b) A new species of the Cyrtodactylus brevipalmatus group (Squa-
mata, Gekkonidae) from the uplands of western Thailand. ZooKeys 1141: 93-118.
https://doi.org/10.3897/zookeys.1141.97624

Hammer @, Harper DAT, Ryan PD (2001) PAST: Paleontological Statistics Software
Package for Education and Data Analysis. Palaeontologia Electronica 4: 1-9.

Hoang DT, Chernomor O, von Haeseler A, Minh BQ, Vinh LS (2018) UFBoot2: Improving
the ultrafast bootstrap approximation. Molecular Biology and Evolution 35(2): 518—
522. https://doi.org/10.1093/molbev/msx281

Huelsenbeck JP, Ronquist F (2001) MRBAYES: Bayesian inference of phylogenetic trees.
Bioinformatics 17(8): 754-755. https://doi.org/10.1093/bioinformatics/17.8.754

Johnson CB, Quah ESH, Anuar S, Muin MA, Wood Jr PL, Grismer JL, Onn CK, Ahmad N,
Bauer AM, Grismer LL (2012) Phylogeography, geographic variation, and taxonomy of
the Bent-toed Gecko Cyrtodactylus quadrivirgatus Taylor, 1962 from Peninsular Ma-
laysia with the description of a new swamp dwelling species. Zootaxa 3406: 39-58.
https://doi.org/10.11646/zootaxa.3406.1.3

ZooKeys 1211: 101-130 (2024), DOI: 10.3897/z00keys.1211.122563 125



Natee Ampai et al.: A new species of Cyrtodactylus intermedius group from eastern Thailand

Jombart T (2008) Adegenet: A R package for the multivariate analysis of genetic mark-
ers. Bioinformatics 24(11): 1403-1405. https://doi.org/10.1093/bioinformatics/
btn129

Jombart T, Collins C (2015) A tutorial for discriminant analysis of principal components
(DAPC) using adegenet 2.0.0. Rvignette: 1-37.

Jombart T, Devillard S, Balloux F (2010) Discriminant analysis of principal components:
A new method for the analysis of genetically structured populations. BMC Genetics
11(1): e94. https://doi.org/10.1186/1471-2156-11-94

Kalyaanamoorthy S, Minh BQ, Wong TK, von Haeseler A, Jermiin LS (2017) ModelFinder:
Fast model selection for accurate phylogenetic estimates. Nature Methods 14(6):
587-589. https://doi.org/10.1038/nmeth.4285

Lleonart J, Salat J, Torres GJ (2000) Removing allometric effects of body size in mor-
phological analysis. Journal of Theoretical Biology 205(1): 85-93. https://doi.
org/10.1006/jtbi.2000.2043

Luu VQ, Bonkowski M, Nguyen TQ, Le MD, Schneider N, Ngo HT, Ziegler T (2016) Evolu-
tion in karst massifs: Cryptic diversity among bent-toed geckos along the Truong Son
Range with descriptions of three new species and one new country record from Laos.
Zootaxa 4107(2): 101-140. https://doi.org/10.11646/zootaxa.4107.2.1

Luu VQ, Nguyen TH, Do QH, Pham CT, Hoang TT, Nguyen TQ, Le MD, Ziegler T, Grismer
JL, Grismer LL (2023) A new species of Hemiphyllodactylus (Squamata, Gekkonidae)
from Ha Giang Province, Vietnam. ZooKeys 1167: 353-382. https://doi.org/10.3897/
zookeys.1167.103713

Macey JR, Larson A, Ananjeva NB, Papenfuss TJ (1997) Evolutionary shifts in three ma-
jor structural features of the mitochondrial genome among iguanian lizards. Journal
of Molecular Evolution 44(6): 660-674. https://doi.org/10.1007/PL00006190

Miller MA, Pfeiffer W, Schwartz T (2010) Creating the CIPRES Science Gateway for infer-
ence of large phylogenetic trees. 2010 Gateway Computing Environments Workshop
(GCE): 1-8. https://doi.org/10.1109/GCE.2010.5676129

Minh Q, Nguyen M, von Haeseler AA (2013) Ultrafast approximation for phyloge-
netic bootstrap. Molecular Biology and Evolution 30(5): 1188-1195. https://doi.
org/10.1093/molbev/mst024

Morley CK, Charusiri B, Watkinson IM (2011) Structural geology during the Cenozoic. In:
Ridd, MF, Barber AJ, Crow MJ (Eds) Geology of Thailand. Geological Society, London:
273-333. https://doi.org/10.1144/GOTH.11

Murdoch ML, Grismer LL, Wood Jr PL, Neang T, Poyarkov NA, Ngo VT, Nazarov RA, Aow-
phol A, Pauwels OSG, Nguyen HN, Grismer JL (2019) Six new species of the Cyrtodac-
tylus intermedius complex (Squamata: Gekkonidae) from the Cardamom Mountains
and associated highlands of Southeast Asia. Zootaxa 4554(1): 1-62. https://doi.
org/10.11646/zootaxa.4554.1.1

NASA LP DAAC (2013) NASA Shuttle Radar Topography Mission (SRTM) Version 3.0
(SRTM Plus) Product Release. Land Process Distributed Active Archive Center, Na-
tional Aeronautics and Space Administration.

Neang T, Henson A, Stuart BL (2020) A new species of Cyrtodactylus (Squamata, Gek-
konidae) from Cambodia’s Prey Lang Wildlife Sanctuary. ZooKeys 926: 133-158.
https://doi.org/10.3897/zookeys.926.48671

Ngo VT, Grismer LL, Grismer JL (2008) A new endemic cave dwelling species of Cyrto-
dactylus Gray, 1827 (Squamata: Gekkonidae) in Kien Giang Biosphere Reserve, South-
western Vietnam. Zootaxa 1967: 53-62. https://doi.org/10.11646/zootaxa.1967.1.3

ZooKeys 1211: 101-130 (2024), DOI: 10.3897/z00keys.1211.122563 126



Natee Ampai et al.: A new species of Cyrtodactylus intermedius group from eastern Thailand

Ngo VT, Grismer LL, Grismer JL (2010) A new species of Cyrtodactylus Gray, 1827 (Squa-
mata: Gekkonidae) in Phu Quoc National Park, Kien Giang Biosphere Reserve, South-
western Vietnam. Zootaxa 2604: 37-51. https://doi.org/10.11646/zootaxa.2604.1.3

Ngo HT, Do QH, Pham CT, Luu VQ, Grismer L, Ziegler T, Nguyen VTH, Nguyen TQ, Le MD
(2022) How many more species are out there? Current taxonomy substantially under-
estimates the diversity of bent-toed geckos (Gekkonidae, Cyrtodactylus) in Laos and
Vietnam. ZooKeys 1097: 135-152. https://doi.org/10.3897/zookeys.1097.78127

Nguyen TQ, Do QH, Ngo HT, Pham AV, Pham CT, Le MD, Ziegler T (2020) Two new spe-
cies of Hemiphyllodactylus (Squamata: Gekkonidae) from Hoa Binh Province, Viet-
nam. Zootaxa 4801(3): 513-536. https://doi.org/10.11646/zootaxa.4801.3.5

Nugraha FAD, Ahda Y, Tjong DH, Kurniawan N, Riyanto A, Fauzi MA, Lin SM (2023) Com-
mon but ignored: a new species of Cyrtodactylus (Chordata, Reptilia, Squamata, Gek-
konidae) from lowland Sumatra Barat, Indonesia. ZooKeys 1169: 47—-64. https://doi.
org/10.3897/zookeys.1169.98681

Oliver PM, Richards SJ, Mumpuni, Rosler H (2016) The Knight and the King: two new
species of giant bent-toed gecko (Cyrtodactylus, Gekkonidae, Squamata) from north-
ern New Guinea, with comments. ZooKeys 562: 105-130. https://doi.org/10.3897/
zookeys.562.6052

Oliver PM, Tjaturadi B, Mumpuni, Krey K, Richards S (2008) A new species of large Cyr-
todactylus (Squamata: Gekkonidae) from Melanesia. Zootaxa 1894: 59-68. https:/
doi.org/10.11646/zootaxa.1894.1.5

Oliver PM, Skipwith P, Lee MS (2014) Crossing the line, increasing body size in a
trans-Wallacean lizard radiation (Cyrtodactylus, Gekkota). Biology Letters 10(10):
20140479. https://doi.org/10.1098/rsbl.2014.0479

QGIS Development Team (2024) QGIS Geographic Information System. QGIS Software.
https://www.qgis.org

R Core Team (2020) R: A Language and Environment for Statistical Computing. R Foun-
dation for Statistical Computing, Vienna. https://www.R-project.org

Rambaut A (2018) FigTree: tree figure drawing tool (Version 1.4.4). http://tree.bio.ed.ac.
uk/software/figtree

Rambaut A, Drummond AJ, Xie D, Baele G, Suchard MA (2018) Posterior summariza-
tion in Bayesian phylogenetics using Tracer 1.7. Systematic Biology 67(5): 901-904.
https://doi.org/10.1093/sysbio/syy032

Riyanto A, Faz FH, Amarasinghe, AAT, Munir M, Fitriana YS, Hamidy A, Kusrini MD, Oliver
PM (2022) A new bent-toed gecko of the Cyrtodactylus marmoratus group (Reptil-
ia: Gekkonidae) from Obi Island, Indonesia. Herpetologica 78(1): 30—39. https://doi.
org/10.1655/Herpetologica-D-21-00028.1

Ronquist F, Teslenko M, Van Der Mark P, Ayres DL, Darling A, Hohna S, Larget B, Liu L,
Suchard MA, Huelsenbeck JP (2012) MrBayes 3.2: Efficient Bayesian phylogenetic
inference and model choice across a large model space. Systematic Biology 61(3):
539-542. https://doi.org/10.1093/sysbio/sys029

Rujirawan A, Fong JJ, Ampai N, Yodthong S, Termprayoon K, Aowphol A (2019) A new
karst-dwelling gecko of the Gekko petricolus group (Reptilia: Gekkonidae) from Phit-
sanulok Province, central Thailand. Journal of Natural History 53: 557-576. https://
doi.org/10.1080/00222933.2019.1597937

Simmons JE (2015) Herpetological Collecting and Collections Management, 3 ed. So-
ciety for the Study of Amphibians and Reptiles Herpetological Circular No. 42. Salt
Lake City, UT, 191 pp.

ZooKeys 1211: 101-130 (2024), DOI: 10.3897/z00keys.1211.122563 127



Natee Ampai et al.: A new species of Cyrtodactylus intermedius group from eastern Thailand

Smith MA (1917) Descriptions of new reptiles and a new batrachian from Siam. The
journal of the Natural History Society of Siam 2: 221-225.

Smith MA (1935) The fauna of British India, including Ceylon and Burma. Reptiles and
Amphibia, Vol. . Sauria. Taylor and Francis, London, 440 pp.

Stuart BL, Emmet DA (2006) A Collection of amphibians and reptiles from the Car-
damom Mountains, southwestern Cambodia. Zoology 109: 1-17. https://doi.
0rg/10.3158/0015-0754(2006)109[1:ACOAAR]2.0.CO;2

Tamura K, Stecher G, Kumar S (2021) MEGA11: Molecular Evolutionary Genetics Anal-
ysis Version 11. Molecular Biology and Evolution 38(7): 3022-3027. https://doi.
org/10.1093/molbev/msab120

Taylor EH (1963) The lizards of Thailand. The University of Kansas science bulletin 44:
687-1077.

Termprayoon K, Rujirawan A, Ampai N, Wood Jr PL, Aowphol A (2021a) A new insular
species of the Cyrtodactylus pulchellus group (Reptilia, Gekkonidae) from Tarutao
Island, southern Thailand revealed by morphological and genetic evidence. ZooKeys
1070: 101-134. https://doi.org/10.3897/zookeys.1070.73659

Termprayoon K, Rujirawan A, Grismer LL, Wood Jr PL, Aowphol A (2021b) Taxonomic
reassessment and phylogenetic placement of Cyrtodactylus phuketensis (Reptilia,
Gekkonidae) based on morphological and molecular evidence. ZooKeys 1040: 91—
121. https://doi.org/10.3897/zookeys.1040.65750

Termprayoon K, Rujirawan A, Grismer LL, Wood Jr PL, Aowphol A (2023) Two new
karst-adapted species in the Cyrtodactylus pulchellus group (Reptilia, Gekkonidae)
from southern Thailand. ZooKeys 1179: 313-352. https://doi.org/10.3897/zo0k-
eys.1179.109712

Thorpe RS (1975) Quantitative handling of characters useful in snake systematics with
particular reference to interspecific variation in the Ringed Snake Natrix natrix (L.).
Biological Journal of the Linnean Society. Linnean Society of London 7(1): 27-43.
https://doi.org/10.1111/j.1095-8312.1975.tb00732.x

Thorpe RS (1983) A review of the numerical methods for recognized and analysing ra-
cial differentiation. In: Felsenstein J (Ed.) Numerical taxonomy. Berlin Heidelberg,
Springer, 404-423. https://doi.org/10.1007/978-3-642-69024-2_43

Trifinopoulos J, Nguyen LT, von Haeseler A, Minh BQ (2016) W-IQ-TREE: A fast online
phylogenetic tool for maximum likelihood analysis. Nucleic Acids Research 44(W1):
232-235. https://doi.org/10.1093/nar/gkw256

Turan C (1999) A note on the examination of morphometric differentiation among fish
populations: The truss system. Turkish Journal of Zoology 23: 259-263.

Uetz P, Freed P, Hosek J [Eds] (2024) The Reptile Database. http://www.reptiledatabase.
org [Accessed 15 January 2024]

Vogel G, Patrick D (2019) A new species of the Lycodon fasciatus complex from the
Khorat Plateau, eastern Thailand (Reptiles, Squamata, Colubridae). Zootaxa 4577(3):
515-528. https://doi.org/10.11646/zootaxa.4577.3.6

Welton LJ, Siler CD, Linkem CW, Diesmos AC, Brown RM (2010) Philippine bent-toed
geckos of the Cyrtodactylus agusanensis complex: multilocus phylogeny, morpholog-
ical diversity, and descriptions of three new species. Herpetological Monographs 24:
55-85. https://doi.org/10.1655/HERPMONOGRAPHS-D-10-00005.1

Wickham H (2016) ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New
York, 216 pp. https://doi.org/10.1007/978-3-319-24277-4_9

ZooKeys 1211: 101-130 (2024), DOI: 10.3897/z00keys.1211.122563 128



Natee Ampai et al.: A new species of Cyrtodactylus intermedius group from eastern Thailand

Wilcox TR, Zwickl DJ, Heath TA, Hillis DM (2002) Phylogenetic relationships of the dwarf
boas and a comparison of Bayesian and bootstrap measures of phylogenetic support.
Molecular Phylogenetics and Evolution 25(2): 361-371. https://doi.org/10.1016/
S$1055-7903(02)00244-0

Wood Jr PL, Grismer LL, Grismer JL, Neang T, Chav T, Holden J (2010) A new cryptic
species of Acanthosaura Gray, 1831 (Squamata: Agamidae) from Thailand and Cam-
bodia. Zootaxa 2488(1): 22-38. https://doi.org/10.11646/zootaxa.2488.1.2

Wood Jr PL, Heinicke MP, Jackman TR, Bauer AM (2012) Phylogeny of bent-toed geckos
(Cyrtodactylus) reveals a west to east pattern of diversification. Molecular Phyloge-
netics and Evolution 65(3): 992-1003. https://doi.org/10.1016/j.ympev.2012.08.025

Yodthong S, Rujirawan A, Stuart BL, Grismer LL, Aksornneam A, Termprayoon K, Ampai
N, Aowphol A (2022) A new species in the Cyrtodactylus oldhami group (Squamata,
Gekkonidae) from Kanchanaburi Province, western Thailand. ZooKeys 1103: 139-
169. https://doi.org/10.3897/zookeys.1103.84672

Supplementary material 1

Material examined in the molecules, locality, collection numbers, GenBank
accession numbers and references

Authors: Natee Ampai, Attapol Rujirawan, Siriporn Yodthong, Korkhwan Termprayoon,
Bryan L. Stuart, Anchalee Aowphol

Data type: xIsx

Explanation note: Material examined, including locality, collection numbers, GenBank ac-
cession numbers, and references for the specimens used in the phylogenetic analyses.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1211.122563.suppl1

Supplementary material 2
Data for multivariate analyses of the Cyrtodactylus intermedius group

Authors: Natee Ampai, Attapol Rujirawan, Siriporn Yodthong, Korkhwan Termprayoon,
Bryan L. Stuart, Anchalee Aowphol

Data type: xIsx

Explanation note: Dataset of morphological and meristic characters for multivariate
analyses of the Cyrtodactylus intermedius group.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1211.122563.suppl2

ZooKeys 1211: 101-130 (2024), DOI: 10.3897/z00keys.1211.122563 129



Natee Ampai et al.: A new species of Cyrtodactylus intermedius group from eastern Thailand

Supplementary material 3

Mean uncorrected p-distances (%) within the Cyrtodactylus intermedius
group based on the mitochondrial ND2 gene and flanking tRNAs

Authors: Natee Ampai, Attapol Rujirawan, Siriporn Yodthong, Korkhwan Termprayoon,
Bryan L. Stuart, Anchalee Aowphol

Data type: xIsx

Explanation note: Mean (minimum-maximum) uncorrected p-distances (%) within the
Cyrtodactylus intermedius group based on 1,227 bp of the mitochondrial ND2 gene
and flanking tRNAs. Numbers in bold are within species divergence. n = number of
individuals.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1211.122563.suppl3

Supplementary material 4

Summary of morphological characters, meristic characters, and color
pattern data of the Cyrtodactylus intermedius group

Authors: Natee Ampai, Attapol Rujirawan, Siriporn Yodthong, Korkhwan Termprayoon,
Bryan L. Stuart, Anchalee Aowphol

Data type: xIsx

Explanation note: Summary of morphological characters, meristic characters, and color
pattern data of the Cyrtodactylus intermedius group. Abbreviations are defined in Ma-
terials and methods. Key: NA = no data or not applicable.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1211.122563.suppl4

ZooKeys 1211: 101-130 (2024), DOI: 10.3897/z00keys.1211.122563 130



+ZooKeys

ZooKeys 1211: 131-150 (2024)
DOI: 10.3897/z00keys.1211.127353

Research Article

Species groups, subgroups, and key to world species of the
genus Schizotetranychus Tragardh, 1915 (Acari, Prostigmata,

Tetranychidae)

Muhammad Kamran'®, Abdul Hafeez? Fahad Jaber Alatawi'®, Carlos Holger Wenzel Flechtmann?®

1 Department of Plant Protection, College of Food and Agriculture Sciences, King Saud University, Riyadh, Saudi Arabia

2 Department of Plant Protection, Ghazi University, Dera Ghazi Khan, Punjab, Pakistan

3 Departamento de Entomologia e Acarologia, Escola Superior de Agricultura “Luiz de Queiroz”, Universidade de Séo Paulo, Sdo Paulo, Brazil
Corresponding author: Muhammad Kamran (murafique@ksu.edu.sa)

OPEN aACC ESS

Academic editor: Vladimir Pesic
Received: 23 May 2024
Accepted: 8 July 2024

Published: 4 September 2024

ZooBank: https://zoobank.org/
F1E24C8D-23B5-444C-8526-
91EF52BF27DC

Citation: Kamran M, Hafeez A,
Alatawi FJ, Flechtmann CHW (2024)
Species groups, subgroups, and

key to world species of the genus
Schizotetranychus Tragérdh, 1915
(Acari, Prostigmata, Tetranychidae).
Z0ooKeys 1211: 131-150. https://doi.
0rg/10.3897/z00keys.1211.127353

Copyright: © Muhammad Kamran et al.
This is an open access article distributed under
terms of the Creative Commons Attribution

License (Attribution 4.0 International - CC BY 4.0).

Abstract

After a comprehensive taxonomic assessment of descriptions/ illustrations of all known
(118) species of the spider mite genus Schizotetranychus Tragardh (Acari: Prostigmata:
Tetranychidae), five species groups are proposed based on the number of tactile setae
on tibia Il in female, i.e., vermiculatus with four setae (four spp.), schizopus with five se-
tae (52 spp.), spireafolia with six setae (10 spp.), asparagi with seven setae (20 spp.), and
bambusae with eight setae on tibia Il (22 spp.). The species group schizopus is further
divided into three species subgroups based on tactile setae on tibia I: schizopus with
eight/ nine setae (21 spp.), andropogoni with seven setae (26 spp.), and taquarae with
six tactile setae excluding the solenidion on tibia | (five spp.). Eight Schizotetranychus
species were not assigned to any species group because of brief descriptions and/ or il-
lustration and without information on the number of tactile setae on tibiae | and Il. More-
over, two Schizotetranychus species, S. gausus Baker & Pritchard and S. luculentus Tseng
that have six setae/ structures including a spinneret and a solenidion on the palp tarsus,
are provisionally transferred to the genus Stigmaeopsis Banks. Finally, keys to species
groups and subgroups of the world species of Schizotetranychus are provided.

Key words: Asparagi, schizopus, tactile setae, taquarae, vermiculatus

Introduction

The genus Schizotetranychus Tragardh (Acari, Prostigmata, Tetranychidae)
was erected by Tragardh (1915) based on the shape of leg empodia, i.e., di-
vided deeply into two claw-like structures and having ten pairs of dorsal hys-
terosomal setae. It is one of the largest genera of spider mites containing 118
species, widely distributed in the world (Migeon and Dorkeld 2006-2024).
Schizotetranychus species are phytophagous on different plant species and
some species are considered as pests of agricultural crops, i.e., Schizotetrany-
chus andropogoni (Hirst) and Schizotetranychus asparagi (Oudemans, 1928)
are widespread in United States and Europe causing serious infestations to
pineapple plants (Jeppson et al. 1975; Hoy 2011).
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Schizotetranychus species identity has been challenging due to the inadequate
number of diagnostic characters, minute differences in male aedeagus morphol-
ogy, and interspecific similarities in females of many species. Specimens of both
sexes are usually required for accurate identification of Schizotetranychus spe-
cies (Pritchard and Baker 1955; Meyer 1974, 1987; Jeppson et al. 1975; Flecht-
mann 2012). Pritchard and Baker (1955) and Meyer (1974, 1987) provided only
diagnostic keys of Schizotetranychus species occurring in some regions. Lastly,
Flechtmann (2012) arbitrarily organized the Schizotetranychus species into 17
groups only based on female morphology; however, the identification characters
used are confusing. Additionally, a diagnostic key to world Schizotetranychus
species is not available. The present study aimed to classify the species of the
genus Schizotetranychus into species group and subgroups based on consistent
diagnostic morphological characters, and to develop diagnostic keys to species
groups and subgroups of world species of the genus Schizotetranychus.

Materials and methods

The taxonomic literature of all known Schizotetranychus species were critically
studied, and the diagnostic characters were compared. The generic characters
of Schizotetranychus and Stigmaeopsis were carefully analyzed for possible
new combinations. The strength of each morphological character was evalu-
ated for its suitability at the specific level. The consistency of tibia | and Il setal
counts were carefully evaluated for the construction of species and sub-spe-
cies group. The key to species of the genus Schizotetranychus is provided
based on persistent and fixed characteristics.

Results and discussion

Subfamily Tetranychinae Berlese
Tribe Tetranychini Reck

Genus Schizotetranychus Tragardh

Type species. Tetranychus schizopus Zacher, 1913.

Diagnosis. Dorsal hysterosoma with ten pairs of setae (c, , d, , e, f,, and
h,), setae h, and h, present on ventral opisthosoma, empodial claw divided
deeply into two claw-like structures, palp tarsus with seven structures/ setae
(one spinneret, two eupathidia, one solenidion, three setiform setae); dorsal
hysterosoma medially usually with transverse striations, but may be longitudi-
nal or irregular between d, and e,; two sets of duplex setae on tarsus | present
distally, nearly adjacent to each other.

Background and taxonomic review of the genus Schizotetranychus

The genus Schizotetranychus was erected by Tragardh (1915) based on Tetrany-
chus schizopus Zacher, 1913 and distinguished from the genus Tetranychus by
having the leg empodia divided deeply into two claw-like structures. Two years
later, Banks (1917) erected the genus Stigmaeopsis and designated St. celarius
Banks its type species. Banks (1917) described the genus Stigmaeopsis very
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briefly and did not provide any diagnostic characters which could separate it
from the closely related genus Schizotetranychus. Later, McGregor (1950) syn-
onymized the monospecific genus Stigmaeopsis with Schizotetranychus. This
synonymy was accepted and followed by Pritchard and Baker (1955), Baker
and Pritchard (1960), Tuttle and Baker (1968), Gutierrez (1968), Meyer (1974,
1987), Tuttle et al. (1976), Bolland et al. (1998), and Ehara (1999).

For the first time, Ehara (1999) introduced species groups in the genus
Schizotetranychus by dividing the nine Schizotetranychus species reported
from Japan into two species groups: schizopus (six species) with transverse
striations in the anterior portion of dorsocentral area on dorsal opisthosoma
and celarius (three species) with longitudinal striations in the anterior portion
of dorsocentral area on dorsal opisthosoma.

Later, Saito et al. (2004) reinstated the genus Stigmaeopsis and distinguished
it from Schizotetranychus and other genera of Tetranychidae by having six setae/
structures on the palp tarsus in the female (instead of seven); dorsal striations be-
tween ¢, and d,, clearly longitudinal, forming a trapezoidal shape instead of having
mostly transverse or longitudinal irregular without forming a trapezoidal shape in
Schizotetranychus. Also, the bases of setae e,, d,, and c, gradually become fur-
ther apart than the bases of f, setae; if hypothetical lines connecting their bases
are drawn, they form a V-shaped pattern vs these lines being almost parallel in
Schizotetranychus and related genera, as described by Saito et al. (2004). Based
on these characteristics, Flechtmann (2012) transferred two Schizotetranychus
species, S. malkovskii Wainstein, 1956 and S. meghalensis (Gupta & Gupta, 1994)
to Stigmaeopsis. Although S. meghalensis has transverse striations between se-
taec, d, and e, and does not satisfy several characters of Stigmaeopsis, despite
the fact that Saito et al. (2016, 2018, 2019) provisionally included this species in
Stigmaeopsis because of its six setae/ structures on the palp tarsus.

Morphological diagnostic features previously used for grouping
Schizotetranychus species

Flechtmann (2012) categorized world 106 Schizotetranychus species into 17
groups based on following female morphological characters: body length:
width ratio, dorsal setal length, shape of peritremes, number of tactile setae
on tibia |. As a result, numerous species groups in the genus Schizotetranychus
based on variable morphological characters are causing confusion and misun-
derstanding in species identification.

1. Peritremes distally are variously developed in Schizotetranychus species,
straight in most species, and either making a U-shape, ring, or looped dis-
tally others. Peritremes distally are anastomosing in two species S. caja-
ni Gupta, 1996, S. prosopis Tuttle, Baker & Abbatiello, 1976. Flechtmann
(2012) used this character to arbitrarily propose different groups for Schizo-
tetranychus species. We consider the shape of the peritreme at species lev-
el a misleading character because it is variously developed distally even
in different specimens of the same species, and described and illustrated
differently for one species by various authors. Also, this character was al-
ready causing confusion while attempting to separate the species groups
of Schizotetranychus created by Flechtmann (2012).
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2. Mite body shape is either oval (longer than wide in most of species), or or-
bicular (as long as wide in few species), or elongate (more than 2x longer
than width of body in few species). This character was used by Flecht-
mann (2012) to develop groups in Schizotetranychus. However, it caused
confusion in the identification of those groups because some species lie
on the borderline in length and width ratios. Also, the length and width
ratios could be affected by the mounting of specimens on glass slides.

3. Dorsal and ventral idiosoma is entirely striated in almost all Schizotetrany-
chus species, either widely or closely spaced, except S. reticulatus Baker
& Pritchard, 1960 with reticulations on the propodosoma medially, and
the hysterosoma is entirely striated and rugose. The dorsal hysteroso-
ma between setae ¢, d,, e,, and f, with transverse striations entirely in all
Schizotetranychus species except six, namely S. hidayahae Yusof & Zhang,
2003, S. baltazarae Rimando, 1962, S. spiculus Baker & Pritchard, 1960,
S. brevisetosus Ehara, 1989, S. rhodanus Baker & Pritchard, 1960, and S.
colocasiae Ehara, 1988 (as in Ehara & Tho, 1988), in which the striations
between setae e, and d, form a V-shaped pattern or is irregular.

Dorsal body setae are usually setiform in Schizotetranychus species. How-
ever, few species have awl-shaped dorsal setae with slightly expanded bases.
Flechtmann (2012) used this character to develop species groups in Schizo-
tetranychus. However, dorsal setae were not properly illustrated or described
in detail for many Schizotetranychus species, so for those species it is very
difficult to discern the exact shape (awl or setiform) of the dorsal setae. This
character can be considered as supporting species level character.

Taxonomic notes about two Schizotetranychus species having six
setae/ structures on the palp tarsus as in the genus Stigmaeopsis

As mentioned earlier, the genus Stigmaeopsis differs from Schizotetranychus
by having six setae/ structures on the palp tarsus in females instead of seven;
dorsal striations lie between c, and d, are clearly longitudinal and forming a
trapezoidal shape instead of being mostly transverse or irregularly longitudinal
between setae d, and e, in six Schizotetranychus species, namely, S. hidayahae,
S. baltazarae, S. spiculus, S. brevisetosus, S. rhodanus and S. colocasiae without
forming a trapezoidal shape. Also, the bases of setae e, d,, and ¢, gradually
widen further apart than the bases of f, setae if hypothetical lines connecting
their bases are drawn. They form a V-shaped pattern vs almost parallel lines
are in Schizotetranychus and related genera, as described by Saito et al. (2004).

In the present study, it was found that two Schizotetranychus species, S.
gausus Baker & Pritchard, 1960 and S. luculentus (Tseng, 1990) have six se-
tae/ structures including spinneret and solenidion on palp tarsus. The original
description of these species lacking information of palp setae. So, relying on
the original illustrations, these two Schizotetranychus species having six setae
on palp tarsus are provisionally transferred to Stigmaeopsis. Also, dorsum is
entirely reticulated in S. luculentus (Tseng, 1990). However, dorsum with trans-
verse striations between setae c,, d, and irregular longitudinal between setae
e, and d, in S. gausus. Moreover, 16 known species of Stigmaeopsis have five
tactile setae on tibia Il except S. gausus having seven setae on tibia Il.
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Furthermore, bases of length dorsal setae c,, d, which is ~ 2x more widely
spaced to the bases of e, and f, (bases of ¢, d,, e, f, forming a V-shaped pattern)
in S. Attiah, 1967 as in all known 16 Stigmaeopsis species. Few other Schizo-
tetranychus species have a similar pattern of dorsal setal bases. So, the support-
ing diagnostic character that hypothetical lines connecting the bases of setae c,,
d, e, andf, forming a V-shaped taken by Saito et al. (2004) for Stigmaeopsis while
reinstating this genus to separate it from Schizotetranychus becomes impractical.

Hence it is understood from the above discussion that genus Stigmaeopsis is
different from Schizotetranychus by only one character, the presence of six se-
tae/ structures on palp tarsus vs seven in Schizotetranychus. All other supporting
characters (longitudinal striations between setae c, and d,, bases of setaec,, d,,
e, and f, forming a V-shaped pattern) of Stigmaeopsis taken by Saito et al. (2004,

2018) as a generic character could be considered as species level characters.

Species groups and subgroups of Schizotetranychus developed in the
current study

In the present research, after comprehensive taxonomic assessment of descrip-
tions and illustrations of all known (116) species of the genus Schizotetranychus,
species grouping in this genus is reconsidered based on females using only the
number of tactile setae on tibia Il and species subgroups based on only the num-
ber of tactile setae on tibia I. The number of tactile setae on tibia Il is found to
be a consistent diagnostic character in Schizotetranychus species and described
in 110 Schizotetranychus species, even those which were very briefly described.
Flechtmann (2012) used tactile setae on tibia | to separate some Schizotetrany-
chus groups. Pritchard and Baker (1955) and Mushtaq et al. (2021) also used tac-
tile setae on tibia | to develop species groups in the genus Oligonychus. Based on
tibial setal counts, species groups of Schizotetranychus can easily be recognized.

In the present study, the genus Schizotetranychus can be divided into five
species groups based on the number of tactile setae on tibia Il in the female:
schizopus group (52 spp.) with five setae, asparagi group with seven setae (20
spp.), bambusae group with eight setae (22 spp.), spireafolia group with six se-
tae (10 spp.) and vermiculatus group with four setae on tibia Il (four spp.). Also,
keys to the world Schizotetranychus species, species groups, and subgroups
are developed for the first time. Eight Schizotetranychus species were not as-
signed any species group because these have been described and illustrated
very briefly without information on the number of setae on tibia | and II.

1. Species group schizopus
Diagnosis. Female: Tibia Il with five setae (52 species).
Exemplar species. Schizotetranychus schizopus (Zacher, 1913)

Species group schizopus is further divided into three species subgroups
based on number of tactile setae excluding solenidion on tibia I.

i) Species subgroup schizopus

Diagnosis. Female. Tibia | with eight/ nine setae (21 species).
Exemplar species. Schizotetranychus schizopus
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ii) Species subgroup andropogoni

Diagnosis. Female. Tibia | with seven setae (26 species).
Exemplar species. Schizotetranychus andropogoni (Hirst, 1926)

iii) Species subgroup taquarae

Diagnosis. Female. Tibia | with six setae (5 species).
Exemplar species. Schizotetranychus taquarae Paschoal, 1971

2. Species group asparagi

Diagnosis. Female. Tibia Il with seven setae (20 spp.)
Exemplar species. Schizotetranychus asparagi (Oudemans, 1928)

3. Species group bambusae

Diagnosis. Female. Tibia Il with eight setae (22 spp.).
Exemplar species. Schizotetranychus bambusae Reck, 1941

4. Species group spireafolia

Diagnosis. Female. Tibia Il with six setae (10 spp.).
Exemplar species. Schizotetranychus spireafolia Garman, 1940

5. Species group vermiculatus

Diagnosis. Female. Tibia Il with four setae (04 spp.).
Exemplar species. Schizotetranychus vermiculatus Ehara & Wongsiri, 1975

Ungrouped species

The following eight species were not assigned any species group because
these have been described and illustrated very briefly without information of
number of tactile setae on tibiae | and Il. Schizotetranychus setariae Meyer,
1987 was not assigned to any species group/ subgroup because it was only
described/ known from the male.

1. S. graminicola Goux, 1949

2. S. glabrisetus (Ugarov & Nikolskii, 1937)

3. S. tuberculatus (Ugarov & Nikolski, 1937)

4. S. guatemalae-novae (Stoll, 1886)

5. S. hindustanicus (Hirst, 1924)

6. S. mustafaii Mustafa & Chaudri, 1972 (as in Mustafa et al. 1972)
7. S. oudemansi Reck, 1948
8. S. setariae Meyer, 1987

Moreover, two Schizotetranychus species, S. gausus and S. luculentus, that have
six setae/ structures including spinneret and a solenidion on the palp tarsus based
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on original illustrations, are provisionally transferred to Stigmaeopsis. Further stud-
ies are required to confirm the clear taxonomic status of these two species.

1. Schizopus species group (52 species)

I- Schizopus species subgroup (21 species)
(Female: tibia Il with 5 setae, tibia | with 8 or 9 tactile setae excluding solenidion)

Key to species of schizopus species subgroup of schizopus species
group

1 Propodosoma dorsomedially with reticulate pattern..............cccccccooevieninnnnnn
............................................................ S. reticulatus Baker & Pritchard, 1960
— Propodosoma dorsomedially striated..........ccccoiiriiiiiiieieeee 2
2 Peritremes distally curved U- or ring-shaped/ looped..........cccoveviivrnnnnnen. 3
— Peritremes distally straight or slightly hooked ............ccccoeviiviiiiiiieinen. 7
3 Tibia | with 9 tactile setae and 1 sensory seta ... S. australis Gutierrez, 1968
— Tibia | with 8 tactile setae and 1 sensory seta.........c.cccceeevveiieiiiieciicciees 4
4 Dorso-opisthosomal setae c,, d,, e, at least reaching 1/2 to 2/3 of the setae
NeXtin liNe ..o S. pennamontanus Meyer, 1987
— Dorso-opisthosomal setae c,, d,, e, almost reaching or crossing the setae
NEXE N TINE .ottt ettt e s s ebeene s 5
5 Male aedeagus upturned part not sigmoid, distal part not projecting poste-
FIOTIY oot S. russeus Davis, 1969
— Male aedeagus upturned part sigmoid, distal part projecting posteriorly ......6
6 In male: tarsus | with 3 and tibia | with 1 spindle-shaped setae; in female:
setae ¢, d,, e, at least reaching the setae nextinline ....................................
....................................................................... S. eremophilus McGregor, 1950
- In male: tarsus | and tibia | without spindle-shaped setae; in female: setae

¢, d, e, crossing the setae nextinline.............. S. elymus McGregor, 1950
7 Tibia | with 9 tactile setae and 1 solenidion ............ccccoccveeievieviniciiieienne, 8
— Tibia | with 8 tactile setae and 1 solenidion .............cccoeeveeieiienieiieeee 10
8 Male: aedeagus upturned part almost sigmoid, without anterior projection,
tibia | with 7 tactile setae and 2 solenidia................ S. mansoni Gupta, 1980
— Male: aedeagus upturned part, not sigmoid, with anterior projection, tibia |
with 9 tactile setae and 3 or 4 solenidia ..........ccoceveririeiecieee 9

9 Male: tibia | with 9 tactile setae and 3 solenidia, tibia Il with 5 tactile setae.
S. schizopus (Zacher, 1913)

— Male: tibia | with 9 tactile setae and 4 solenidia, tibia Il with 6 tactile setae.
S. lechrius Rimando, 1962

10 Female: genu lll with 4 tactile setae........ocooeieiiiiiieeee e, 11

— Female: genu lll with 3 tactile setae..........cccceeeiieieiieiicceee e 14

11 Female: setae c,, d,, e, far behind the bases of setae nextinline..................
................................................................... S. agropyron Tuttle & Baker, 1976

- Female: setae c,, d,, e, crossing the bases of setae nextinline............... 12

12 Male: aedeagus upturned part at right or acute angle to the shaft, does not
project POSTEriory........ocooiririeieeee e S. nesbitti Meyer, 1965

— Male: aedeagus upturned part making obtuse angle to the shaft, projecting
POSTEIIOTTY ..ottt 13
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13 Male: aedeagus not sigmoid, upturned part gradually narrowing toward
distal end, 1.5x longer than max. width of shaft................ccccooii.
........................................................................ S. cynodonis McGregor, 1950

- Male: aedeagus almost sigmoid, upturned part abruptly narrowing toward
distal end, less than max. width of shaft..........cccoooiiiiiiii
S. paezi Alvarado & Freitez, 1976

14 Female: femur I with 7 0r 8 S€tae.......cccceeieieiiiiiiiciceeeeee e 15
—  Female: femur I with 9 or T0 Setae........ccoccveveiieiieiieeeeceeeeeeee 17
15 Female: genu IV with 2 setae...................... S. echinulatus Mitrofanov, 1978
— Female: genu IV with 3 S€tae.......ccooveouiioiieiceee e 16
16 Dorso-central hysterosomal setae shorter than distance/interval to base of

seta immediately behind............c...ccooeein. S. saba-sulchani Reck, 1956

— Dorso-central hysterosomal setae as long as or longer than distance/interval
to base of seta immediately behind ....... S. yoshimekii Ehara & Wongsiri, 1975
17 Femur I With 9 SETA.....cc.ooiiicieieeee s 18
= Femur I with TO SELAE......ccicieeieiieeeeeeeeee s 19
18 Female: tibia Ill with 5 setae. Male: aedeagus upturned part with knob,
prominent neck, and anterior projection......S. hilariae Tuttle & Baker, 1968
— Female: tibia lll with 5 setae. Male: aedeagus upturned part without knob,
neck, or anterior projection.......... S. tuttleii Zaher, Gomaa & El-Enany, 1982
19 Female: femur Il with 2 setae, peritremes L-shaped distally. Male: aedea-
gus upturned part length of shaft less than max. width of shaft.................
.............................. S. kochummeni Ehara, 1988 (as in Ehara and Tho 1988)
— Female: femur Ill with 3 setae, peritremes straight distally. Male: aedeagus
upturned part of shaft length > 2x the max. width of shaft.................. 20
20 Female: femur IV with 2 setae. Male: aedeagus upturned part almost at
right angle to the shaft, not projecting posteriorly..........ccccccoeeiiiiiiiinennne.
............................................................................ S. thilisiensis Reck, 1959
— Female: femur IV with 3 setae. Male: aedeagus upturned part making ob-
tuse angle (120°) to the shaft, projecting posteriorly..............ccceveirieriirnenne.
..................................................................................... S. tumidus Wang, 1981

Il- andropogoni species subgroup (26 species)
(Female: tibia Il with 5 setae, tibia | with 7 tactile setae excluding solenidion)

Key to species of andropogoni species subgroup

1 Peritremes distally hooked, branched, or looped ..........c..ccooeiiiiiieniennnne. 10
- Peritremes distally simple (bulb-like)...........ccccovveiiiriiiiiiieceecee, 2
— Peritremes distally anastomosing...........c.ccecveverennnne. S. cajani Gupta, 1996
2 Dorsal setae comparatively shorter in length, setae c, reaching at least 2/3
the diStance C,-d, ......cc.ovoiii 3
- Dorsal setae comparatively long, setae c, reaching/ crossing the bases of
d,, almost equal to/ longer than the distance ¢,-d, ...........c.cccccoooiiiis 7
3 Idiosoma elongate, ratio of body length (not including rostrum): width > 2..
.......................................................................................................................... 4
- ldiosoma oval/ orbicular, ratio of body length (not including rostrum): width
S et h e et e et e e et e et e e eate e eab e e ent e e nteeeaeeenaeeeeee 5
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4 Tarsus | with 3 tactile setae and 1 solenidion proximal to proximal duplex

SETAC ..o S. lycurus Tuttle & Baker, 1964
— Tarsus | with 1 tactile seta and 1 solenidion proximal to proximal duplex
SEEAC ...t S. boutelouae Tuttle & Baker, 1968

5 Femur | with 7 setae, area anterior to genital flap with transverse striations,
tarsus | with 2 tactile setae and 7 solenidion proximal to proximal duplex
SEEAC .. e S. celtidis Tuttle & Baker, 1968

- Femur | with 9 setae, area anterior to genital flap with longitudinal stria-
tions, tarsus | with 3 tactile setae and 1 solenidion proximal to proximal
AUPIEX SELAC..... oo 6

6 Genu lll with 2 setae, genu IV with 1 seta, area on hysterosoma between d,
and e, with longitudinal striations........... S. hidayahae Yusof & Zhang, 2003

— Genua lll and IV each with 3 setae, hysterosoma dorsomedially with trans-
verse striations entirely............ccocooeee. S. montanae Tuttle & Baker, 1968

7 Setae c, very long, crossing the bases of d , reaching to the bases of e,
....................................................... S. longirostris Feres & Flechtmann, 1995

- Setae c, reaching at least to the bases of d,, almost equal to the distance

....................................................... S. paraelymus Feres & Flechtmann, 1995
— Area anterior to genital flap with transverse striations...............cccccccevenn. 9
9 In female: seta sc, much longer than sc,, setae d, and e, not reaching to
the bases of setae next in line. Male: tarsus | with 3 solenidia and 1 tactile
seta proximal to proximal duplex setae, aedeagus upturned part sigmoid
without anterior projection.............c.......... S. camur Pritchard & Baker, 1955
- In female: setae sc, and sc, almost subequal, setae d, and e, reaching to
the bases of setae next in line. Male: tarsus | with 1 solenidion and 1 tactile
seta proximal to proximal duplex setae, aedeagus upturned part with ante-

FOr ProJECTION. ...c.viviieieiieeeece e S. andropogoni (Hirst, 1926)
10 Dorso-central setae c,, d,, and e, reaching or crossing the bases of next
SEEAR N TINE .ottt 11
- Dorso-central setae c,, d,, and e, not reaching behind the bases of next se-
TAE TN TIN@ .t 16
11 Female: tarsus | with 2 or 4 setae and 1 solenidion proximal to proximal
AUPIEX SELAC. ... 12
— Female: tarsus | with 1 seta and 1 solenidion proximal to proximal duplex
1= = [ T OSSPSR 14
12 Female: tarsus | with 4 setae and 1 solenidion proximal to proximal duplex
SELAC ...ttt S. filifolius Meyer, 1974
— Female: tarsus | with 2 setae and 1 solenidion proximal to proximal duplex
ST =TSRSS 13

13 Female: All hysterosomal setae longer than longitudinal interval between
their bases. Male: tarsus | with 2 setae and 2 solenidia proximal to proximal
duplex setae, upturned part of aedeagus making almost right angle with
Shaft ..o S. sacharum Flechtmann & Baker, 1975

— Female: most of hysterosomal setae approximately as long as the longitu-
dinal interval between their bases. Male: tarsus | with 3 setae and 2 sole-
nidia proximal to proximal duplex setae, upturned part of aedeagus making
acute angle with shaft............ccccoooviiiiiiie, S. youngi Tseng, 1975
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14 Female: hysterosomal setae especially ¢,, d,, e, barely reaching the bases
of next setae in line. Male: tarsus | with 1 solenidion and 1 tactile seta prox-
imal to proximal duplex SEtae..........cccceeeuieiiieiiieiececeeeee e
................ S. krungthepensis Auger & Naing, 2014 (as in Naing et al. 2014)

- Female: hysterosomal setae especially c,, d,, e, longer than distance to bas-
es of next setae in line. Male: tarsus | with 2 or 3 solenidia and 1 tactile seta
proximal to proximal duplex Setae ..........c.cccooveeiioiccieeeeeeee e 15

15 Male: tibia | with 7 tactile setae and 3 solenidia, tibia Il with 5 tactile setae
and 1 solenidion, tarsus | with 1 tactile seta and 3 solenidia proximal to
proximal duplex setae..........ccoovveiieieeiccieeen S. arcuatus Meyer, 1974

— Male: tibia | with 7 tactile setae and 4 solenidia, tibia Il with 5 tactile setae
only without solenidion, tarsus | with 1 tactile seta and 2 solenidia proximal
to proximal duplex setae............ S. rhynosperus Flechtmann & Baker, 1970

16 Female: Dorsal hysterosoma medially with transverse striations except
area between setae c,, d,, and e, forming V-shaped or longitudinal pattern.

........................................................................................................................ 17
— Female: Dorsal hysterosoma medially with transverse striations entirely 19
17 Female: Stylophore anteriorly emarginate, with notch.............ccccccooeini. 18

— Female: Stylophore anteriorly without notch............cccooeieiiiiiiii,
................................................................ S. sacrales Baker & Pritchard, 1960
18 Female: Tarsus | with 2 solenidia and two tactile setae proximal to proximal
duplex setae; striations in between setae ¢, to d, longitudinal ......................
........................................................................... S. baltazarae Rimando, 1962
- Female: Tarsus | with 1 solenidion and 2 tactile setae proximal to proximal
duplex setae; striations in between setae ¢, to d, transverse ........................
................................................................ S. spiculus Baker & Pritchard, 1960
19 Peritremes looped (making a loop) distally...........ccccooevvieiiviiiiiiiciceee
................................................................. S. nugax Pritchard & Baker, 1955
— Peritremes hooked or making L-shape distally ...........cccccooeiiniiinieiene, 20
20 Idiosoma elongate, ratio of body length (not including rostrum): width > 2..

21 Female: Dorsal striations smooth without lobes. Male: aedeagus upturned
part making right angle with the shaft................... S. sagatus Davis, 1969
— Female: Dorsal striations with lobes. Male: aedeagus upturned part making
obtuse angle with the shaft ..., 22
22 Femur | with 7 setae, stylophore notched anteriorly, striations in pregenital
area making strongly arched .................... S. denmarki Baker & Tuttle, 1994
- Femur | with 9 setae, stylophore rounded anteriorly, striations in pregenital
area transverse......... S. pseudolycurus Ochoa, Gray & von Lindeman, 1990
23 Tarsus | with 4 tactile setae proximal to proximal duplex ............cccccoevennnne.
.............................................................................. S. fluvialis McGregor, 1928
— Tarsus | with 3 tactile setae proximal to proximal duplex .............c............ 24
24 Striations in pregenital area almost transverse slightly curved .....................
............................................... S. freitezi Ochoa, Gray & von Lindeman, 1990
— Striations in pregenital area longitudinal irregular ............cccccoociiiiiniiienenne
.................................................................... S. oryzae Rossi de Simons, 1966
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lll- taquarae species subgroup (05 species)
(Female: tibia Il with 5 setae, tibia | with 6 tactile setae excluding solenidion)

Key to species of taquarae species subgroup

1 Dorsal setae very short, far behind the bases of next setae in line.............. 2
— Dorsal setae long, at least reaching or crossing the bases of next setae in
LI ettt ettt et ste e te e beebeenbeereeeraens 3

2 Female: peritremes hooked distally, dorsal striations without lobes, stria-
tions on pregenital area transverse; femur IV with 3 setae. Male: aedeagus
upturned part sigmoid without anterior projection ...........ccccccoeevevveveeieennnnne.
........................................... S. tegophallos Flechtmann & Peralta-Alba, 2012

- Female: peritremes simple, without hook distally, dorsal striations with
lobes, striations on pregenital area longitudinal;, femur IV with 2 setae.
Male: aedeagus upturned part not sigmoid with anterior projection.............
.............................................................................. S. umtaliensis Meyer, 1974

3 Female: tarsus | with 4 tactile setae and a solenidion proximal to proximal
duplex setae. Male: aedeagus not sigmoid, shaft almost straight, narrowing

toward distal end............cccocoeviviiiiiiiieee, S. triquetrus Meyer, 1987
— Female: tarsus | with 2 or 3 tactile setae and a solenidion proximal to prox-
imal duplex setae. Male: aedeagus almost sigmoid, upturned.................... 4
4 Dorsal striations with lobes, tarsus | with 2 tactile setae and a solenidion
proximal to proximal duplex setae..................... S. taquarae Paschoal, 1971
— Dorsal striations without lobes, tarsus | with 3 tactile setae proximal to
proximal duplex setae...........ccccoeeieeienenn. S. papillatus Flechtmann, 1995

2. asparagi species group (20 species)
(Female: tibia Il with 7 setae)

Key to species (20) of asparagi species group

1 Tibia | with 12 setae including solenidia............ccoocoiiiiiieiiee 2
— Tibia I with 8-10 setae and 1 solenidion.............cccoocveieieeieienieeeeee 3
2 Female: femur IV with 4 setae, genua lll and IV with 3 setae. Male: aedeagus

downturned, with only posterior projection............. S. emeiensis Wang, 1983

— Female: femur IV with 4 setae, genua Ill and IV with 3 setae. Male: aedea-
gus upturned, with anterior and posterior projections...........ccccccoeeveveieniennnns
........................ S. kreiteri Flechtmann, 1999 (as in Flechtmann et al. 1999)

3 Tibia |l with 7 or 8 setae and a solenidion ..............cccooveviicieciicicecee 4
— Tibia | with 9 setae and a solenidion.............c.ccoovieiiiiiciicceceeeee, 7
4 Tibia | with 7 tactile setae and a solenidion ........ S. lanyuensis Tseng, 1975
— Tibia | with 8 tactile setae and a solenidion ...............cccoeevieciiiiiiicciciec, 5

5 Dorsal hysterosoma medially with transverse striations entirely, dorsal se-
tae, especially c,, d,, e,, longer than interval between their bases ................
.............................................................................. S. miyatahus (Meyer, 1974)

- Dorsal hysterosoma medially between setae d, and e, with longitudi-
nal irregular striations, dorsal setae shorter than interval between their
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6 Female: Dorsal setae serrated, tarsus | with 5 tactile setae and 1 solenidion
proximal to proximal duplex setae. Male: aedeagus upturned with small ante-
rior projection and long posterior projection........ S. brevisetosus Ehara, 1989
- Female: Dorsal setae nude, tarsus | with four tactile setae and a solenidion
proximal to proximal duplex setae. Male: aedeagus almost straight without

anterior projection ..............ccccceeevene. S. rhodanus Baker & Pritchard, 1960
7 Femur I With TO SETAE.....c.oociiiiieciiceeeee e 8
— Femur I with 8 0r 9 SELaE .......ooviiiieieeeeeee e 12
8 Tibia IV With 6 SETAE .....eciiieieie e 9
= Tibia IV With 7 SEtA .....ciiiiciciceeecee e 10
9 Peritremes hooked distally ............ccccceoeiernen. S. lushanensis Wang, 1994
— Peritremes simple/ straight distally .................. S. zhangi Wang & Cui, 1992
10 Femur Il with 6 setae, femur IV with 4 setae ......... S. kaspari Manson, 1967
—  Femur Il with 7 setae, femur IV with 2 or 3 setae.......cccoooveeeviieeiiceeee 11

11 Femur lll with 4 setae, femur IV with 3 setae...... S. tuminicus Ma & Yuan, 1982
— Femur Il with 3 setae, femur [V with 2 setae ...........cccoooeeeeieiiceieee
..................................................................... S. halimodendri Wainstein, 1958

12 Femur lwith 8 setae........cccooveeiiiiiciicieiccee, S. sayedi Attiah, 1967
— Femur I wWith 9 SEtae........coviieieeeee e 13
13 Tibia I With 5 SETAE .....eeeeeeeeeeee e, 14
= Tibia I With 6 SETAE ...cveeiieeiiciicee e 15

14 Female: Tibia IV with 5 setae, femur IV with 4 setae. Male: aedeagus distal
part downturned, with small posterior projection ............cccceveviiiiiiieenne.
......................................................................... S. asparagi (Oudemans, 1928)

— Female: Tibia IV with 6 setae, femur IV with 3 setae. Male: aedeagus distal
part upturned, with large posterior projection ......S. tephrosiae Gutierrez, 1968

15 Genu IV with 3 setae............... S. lespedezae Beglyarov & Mitrofanov, 1973

= GENU IV WIith 4 SETAE.....ciiiiiiicieieeeeeee e 16

16 Striations on dorsal hysterosoma medially between setae e, forming
V-shaped or irregular longitudinal patterns .............ccccooveeeeeieciccicieeee 17

— Dorsal hysterosoma medially with entirely transverse striations .............. 18

17 Female. Dorsal setae ¢, d,, and e, just reaching the bases of next consec-
utive setae, peritremes slightly hooked distally. Male. Aedeagus with very
minute anterior projection, aedeagal knob making acute angle with shaft.....
.................................... S. colocasiae Ehara, 1988 (as in Ehara and Tho 1988)

- Female. Dorsal setae c,, d, and e, crossing the bases of next consecutive
setae, peritremes almost straight distally. Male. Aedeagus with very promi-
nent anterior projection, aedeagal knob making obtuse angle with shaft......
.................................................................. S. malodhensis Sadana et al., 1985

18 Setae ¢, and d, reaching maximum up to 2/3 distance to setae next in line
S. protectus Meyer, 1965

- Setae c, and d, as long as or crossing the bases of setae nextin line......19

19 Male: Eupathidium on palp tarsus absent, aedeagus knob of upturned part
parallel with the shaft...........cocooiiiie e
.................................. S. malayanus Ehara, 1988 (as in Ehara and Tho 1988)

— Male: Eupathidium on palp tarsus present, aedeagus knob of upturned part
making obtuse angle with the shaft............ccccoiiiiiii e
....................................................... S. bhandhufalcki Ehara & Wongsiri, 1975
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3. bambusae species group (22 species)
(Female: Tibia Il with 8 setae)

Key to species of bambusae species group

1 Tibia I with 10 or 11 setae including solenidion...........c..cccooevieeiiiiiiiicie, 2
— Tibia | with 9 setae including solenidion..... S. indicus Gupta & Gupta, 1994
2 Peritremes distally hooked, U/L-shaped ............ccocoiiiiniiiniiiieeeeee, 3
— Preitremes almost straight, slightly expanded distally, not hooked/ U/L-

shaped distally........ccoccoeiiiiiiiecee e 11
3 Genuallland IV each with 3 setae......cccccveciieiiiiiiiieceee 4
— Genuallland IV each with 4 setae.........cccoooveiiiiiiiiiiiceeee e 7

4 Female: Dorsal setae comparatively short, far behind the bases of next se-
tae in line. Male: aedeagus distal part upturned with anterior projection ......
.......................................................................... S. gilvus Ehara & Ohashi, 2005

— Female: Dorsal setae long, crossing the bases of next setae in line. Male:
aedeagus distal part straight undulating or downturned without anterior
PIOJECTION ..ottt ettt eb e e etb e e s tbeestbe e sbeetseeseeenseeens 5

5 Female: setae c, just crossing setae d,, far behind the bases of setae e, tar-
sus | with 2 or 3 tactile setae and a solenidion proximal to proximal duplex
setae................. S. minutus Wang, 1985 (as mentioned in Wang et al. 1985)

- Female: setae c, reaching the bases of setae e, tarsus | with 4 or 5 tactile
setae and 1 solenidion proximal to proximal duplex setae ..............ccc........ 6

6 Female: pregenital area with longitudinal striations, tarsus | with 4 tactile
setae and 1 solenidion proximal to proximal duplex setae. Male: aedeagus
distal part almost straight, undulating, slightly turning up ......ccccocveoeieieien.
..................................................................................... S. gahniae Davis, 1969

— Female: pregenital area with transverse striations, tarsus | with 5 tactile
setae and 1 solenidion proximal to proximal duplex setae. Male: aedeagus

distal part almost straight, downturned............. S. cercidiphylli Ehara, 1973
7 Femur IV With 3 SETaG.....cccoiiiiiiiiiceccee e 8
— Femur IV With 4 SEae..........ooue i 9

8 Femur Il with 6 setae, peritremes V-shaped distally .............ccccooeiiieinennnan.
.................................................................................. S. imperatae Wang, 1983
— Femur Il with 7 setae, peritremes L-shaped distally, slightly hooked.............
................................................................................. S. textor Wainstein, 1954
9 Female: dorsal setae especially c,, d,, e, almost reaching to the bases of
setae next in line. Male: aedeagus distal part downturned and sigmoid ......
................................................................................. S. fauveli Gutierrez, 1978
- Female: dorsal setae especially ¢, d,, e, well crossing to the bases of setae
next in line. Male: aedeagus distal part not sigmoid, almost straight/ undu-

10 Male: aedeagus distal part very long needle-like undulating............c..c.........
.............................................................. S. alni Beglyarov & Mitrofanov, 1973
— Male: aedeagus distal part downturned slightly gradually narrowing toward

distal end, not needle-like.................... S. zhongdianensis Wang & Cui, 1992
11 Tibia | with 10 tactile setae and 1 solenidion ..........ccovveeiiieeeioee . 12
— Tibia | with 9 tactile setae and 1 solenidion ............cocovviveiiiiciiiiieeee 13
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12 Female: femur | with 9 setae, femur Il with 6 setae genu Il with 3 setae.
Male: aedeagus distal part straight undulating..........ccccoceoeiiniiiiee
................................................................. S. garmani Pritchard & Baker, 1955

— Female: femur | with 10 setae, femur Il with 7 setae, genu Il with 4 setae.
Male: aedeagus distal part slightly upturned, dorsally making slight knob,

then bent down distally...........cccooveeiiiiciiennnn. S. levinensis Manson, 1967
13 Male: aedeagus distal part upturned ............cccoooiiiiiieieeeeee e 14
— Male: aedeagus distal part, straight or downturned ............ccccoceevvieiennnne. 18
14 Male: aedeagus distal upturned part with prominent anterior projection and
[ONG POSTEIOr PrOJECTION ......ccvivieiieieieeie ettt 15
— Male: aedeagus distal upturned part without anterior projection.............. 16

15 Eupathidium on male palp tarsus long, almost as long as eupathidia aedea-
gus posterior projection of upturned part is 4x longer than width of aedea-
gus neck and making prominent angle with neck.............ccccoocoiiiniiiinn.
............................................................................... S. beckeri Wainstein, 1958

— Eupathidium on male palp tarsus minute, eupathidia 3x longer than, aedea-
gus posterior projection of upturned part is 2—-3x longer than width of neck
and not making angle with NeCK...........c..cccoooviiiiiiiiiiccccee,
.................................................... S. brachypodii Livshits & Mitrofanov, 1968

16 Male: aedeagus distal part turn dorso-caudally, almost sigmoid in shape....
...................................................................................... S. ibericus Reck, 1947

- Male: aedeagus distal part turn dorsally, not sigmoid in shape................. 17

17 Female: pregenital area with transverse striations, tarsus | with 4 tactile
setae and a solenidion, tarsus Il with 4 setae and a solenidion proximal
to proximal duplex setae. Male: aedeagus upturned part greatly narrowing,
needle-liKe ..o S. floresi Rimando, 1962

— Female: pregenital area with longitudinal striations, tarsus | with 5 tactile
setae and 1 solenidion, tarsus Il with 3 setae and 1 solenidion proximal
to proximal duplex setae. Male: aedeagus upturned part blunt distally, not
NAITOWING ..ttt ettt ae e S. bambusae Reck, 1941

18 Male: aedeagus distal part straight, undulating............................oon

— Male: aedeagus distal part down turned ...........c..ccooeevieiieicciccicec 19
19. Female: femur IV with 3 setae. Male: aedeagus distal part slightly down-
turned without anterior projection...........cocveveieiiiiiieeeee e 20
- Female: femur IV with 4 setae. Male: aedeagus distal downturned part with
distal knob, neck, and anterior projection............ccccoceeveieeieniiiiceciee 21
20 Female: tarsus | with 19 and tarsus Il with 16 setae. Male: eupathidium su
on palp tarsus long, longer than eupathidia .....S. smirnovi Wainstein, 1954
— Female: tarsus | with 18 and tarsus Il with 15 setae. Male: eupathidium su
on palp tarsus almost half in length than eupathidia.............ccccocereirenennn.
............................................................... S. iraniensis Mahdavi & Asadi, 2015
21 Male: aedeagus anterior and posterior projections almost equal, knob
forming obtuse angle with the shaft...........c.cocoiiiiiiii
..................................................... S. chiangmaiensis Ehara & Wongsiri, 1975
- Male: aedeagus posterior projections much longer (2-3x) than anterior
projection, knob forming acute angle with the shaft..............c..cccoooeoi.
..................................................... S. euphorbiae Livshitz & Mitrofanov, 1968
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4. vermiculatus species group (4 species)
(Female: Tibia Il with 4 setae)

Key to species of vermiculatus species group

1 Tibia | with 7 setae and a solenidion, tibiae Ill and IV each with 4 setae.......
......................................................... S. vermiculatus Ehara & Wongsiri, 1975
— Tibia | with 6 setae and a solenidion, tibiae Ill and IV each with 3 setae.....2

2 Genualll and IV each with 3 setae................... S. approximatus Ehara, 1988
— Genuallland IV each with 2 setae.........c..ccoovviiiiiiceiceeeeeeeeeeeeeee 3
3 Dorsocentral area between setae ¢, d, e, and f, smooth, without stria-

BONS e S. laevidorsatus Ehara, 1988

- Dorsocentral area between setae c,, d,, e,, and f, with transverse striations
S. saitoi Ehara, 1988

5. spireafolia species group (10 species)
(Female: Tibia Il with 6 setae)

Key to species of spireafolia species group

1 Tibia | with 6 tactile setae and a solenidion .............cccoeveieciiviiiiiiieeee,
.................................................. S. prosopis Tuttle, Baker & Abbatiello, 1976
— Tibia I with 7 tactile setae and a solenidion .............ccccoevveeeiiniciiieieee, 2
— Tibia I with 8 or 9 tactile setae and a solenidion............ccccccevviriiieienennn. 4
2 Dorsal setae very long, c, crossing the bases of d, reaching up to the bases
of e,, setae d, reaching up to the bases of f, ...
............................................................ S. parasemus Pritchard & Baker, 1955
- Dorsal setae, short, setae c, and d, and e, almost reaching up the bases of
setae next in line or just crossing the bases of setae nextin line................ 3
3 Female: Tarsus | with 2 setae and 1 solenidion proximal to proximal duplex
setae, tarsus Il with 1 tactile seta and 1 solenidion proximal to duplex setae.
Male aedeagus upturned distal part shorter (less than half) the length of
SNATE .o S. recki Ehara, 1957
— Female: Tarsus | with 5 tactile setae proximal to duplex setae, Tarsus Il with
4 tactile setae and 1 solenidion proximal to duplex setae. Male aedeagus
upturned distal part as long as the length of shaft................c..ocooil
.................................................................... S. undulatus (Beer & Lang, 1958)
4 Tibia | with 9 tactile setae and a solenidion ....... S. ugarovi Wainstein, 1960

- Tibia I with 8 tactile setae and a solenidion ............cccoevveieviiiiicicie 5
5 Peritremes hooked distally. Male aedeagus upturned part with neck and
anterior ProjeCtion ............ccecveeieeiiecieeece e S. shii Ehara, 1965

- Peritremes straight distally. Male aedeagus without anterior projection......6
6 Dorsal hysterosomal setae (most of them) awl-shaped, acutely tapering
from the widened proximal (basal) portion ......S. spireafolia Garman, 1940

— Dorsal hysterosomal setae SEtOSE........ccccviiiiiiiiieiieieiececeeeeee e 7
7 Tibiae lll and IV each with 6 setae........................ S. dalbergiae Meyer, 1974
— Tibiae lll and IV each with 5 setae........ccccoiveiiiniiiie, 8
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8 Femur Il lll, and IV with 8, 4, and 2 setae, respectively. Male aedeagus up-
turned part as long as the length of shaft......S. elongatus Wang & Cui, 1991
— Femur Il, lll, and IV with 6, 3, and 3 setae, respectively. Male aedeagus up-

turned part very minute as compared to the length of shaft..........................
....................................................................... S. avetjanae Bagdasarian, 1954
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Abstract

Two new species of Eupolyphaga (E. bicolor Han, Che & Wang, sp. nov. and E. nigra Han,
Che & Wang, sp. nov.) and six new species of Pseudoeupolyphaga (P. flava Han, Che
& Wang, sp. nov., P. deficiens Han, Che & Wang, sp. nov., P magna Han, Che & Wang,
sp. nov., P. longiseta Han, Che & Wang, sp. nov., P. [atizona Han, Che & Wang, sp. nov.,
and P baimaensis Han, Che & Wang, sp. nov.) are described and illustrated. The female
external genitalia and spermathecae of these two genera are reported and the role of
these characters in species delimitation is discussed.

Key words: Cockroach, Dictyoptera, Polyphagini, spermatheca

Introduction

Eupolyphaga was once the most diverse genus of Corydioidea in China, con-
taining 22 species and four subspecies (Han et al. 2022). Combined with
morphological characteristics and phylogenetic reconstruction results, Han
et al. (2024) revised Eupolyphaga and transferred most of the species to
Pseudoeupolyphaga Qiu & Che, 2024. Therefore, only seven species are now
included in Eupolyphaga, and 15 species and four subspecies are included
in Pseudoeupolyphaga.

For a long time, the species identification of the two genera was mainly
based on some male external morphology (body color, size, maculae distribu-
tion in tegmina) and the shape of ootheca serrations (Chopard 1922, 1929;
Feng and Woo 1988; Woo and Feng 1992; Qiu et al. 2018; Han et al. 2022).
Female characters, such as spermatheca, basivalvula, and spermathecal plate
can help to distinguish between Pseudoeupolyphaga from Eupolyphaga (Han
et al. 2024). To determine whether these female characters could be used for
species identification, more samples are needed to evaluate their reliability.
In addition to morphological characterization, molecular data have also been
used for species delimitation in the two genera and have proven to be effective
and appropriate (Han et al. 2022).
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Following a recent collection, we found that some specimens collected from
Yunnan and Sichuan provinces showed high morphological resemblance to
some of the known Pseudoeupolyphaga species, while also presenting sub-
tle differences. For example, a male specimen from Guanyingiao Township
of Sichuan exhibited external morphology similar to P. yunnanensis (Chopard,
1922), although the former is notably larger in body size. Similarly, some male
specimens from Tazigou closely resembled P. simila (Qiu, 2022), but the former
has significantly shorter tegmina and hind wings. Whether these differences
are interspecific or intraspecific variation also needed to be clarified.

Therefore, in this study, we combined morphological characters and molecu-
lar data to delimit species of Eupolyphaga and Pseudoeupolyphaga. We describe
two new species of Eupolyphaga and six new species of Pseudoeupolyphaga,
provide illustrations of female genitalia and spermathecae, and discuss the
taxonomic significance of these female characters. This helps to explore the
diversity of Eupolyphaga and Pseudoeupolyphaga and provides a basis for iden-
tifying females of these two genera.

Materials and methods
Material

All specimens studied in this article are deposited in College of Plant Protec-
tion, Southwest University, Chongging, China (SWU). The terminology used in
this article mainly follows Roth (2003) (external morphology), Klass (1997)
(male genitalia) and McKittrick (1964) (female genitalia). The formulation “me-
dian sclerites” follows Qiu et al. (2018). The terminal three or four segments of
the abdomen were excised and immersed in a 10% NaOH solution and heated
for 30 min to eliminate fat. Subsequent procedures, including morphological
dissection of males, DNA extraction, and PCR and sequencing, adhere to the
methodology outlined by Han et al. (2022).

Sequence processing and phylogenetic analyses

A total of 42 sequences were analyzed, comprising 40 in-group and 2 out-
group sequences [Eucorydia dasytoides (Walker, 1868) and Diploptera punctata
(Eschscholtz, 1822))], as detailed in Table 1. All 21 newly acquired sequences
have been submitted to GenBank (https://www.ncbi.nlm.nih.gov/nuccore) with
accession numbers PQ059675 to PQ059695. Alignment of all COI fragments
was performed using the MUSCLE algorithm within MEGA 11 (Kumar et al.
2016), ensuring translatability into protein sequences. Genetic distances, both
interspecific and intraspecific, were computed employing the Kimura 2-param-
eter model (Kimura 1980). PartitionFinder v. 2.1.1 (Lanfear et al. 2017) was
utilized to determine the optimal partitioning scheme and substitution models
with default parameters (COIl_pos 1: SYM+I+G; COI_pos 2: GTR+I+G; COl_pos
3: GTR+G). Maximum-likelihood analysis involved ten independent likelihood
searches, selecting the highest likelihood result. Node and branch supports
were assessed via IQ-TREE v. 2.2.0 (Nguyen et al. 2015) employing 10,000 ul-
trafast bootstrap (UFBoot) replicates. Additionally, the “-bnni” option was em-
ployed to mitigate severe model violations.
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Table 1. Samples used in species delimitation.

Species

P. baimaensis sp. nov.

P, latizona sp. nov.

P. longiseta sp. nov.

P, flava sp. nov.

P.magna sp. nov.

P. deficiens sp. nov.

P fusca

P. pilosa

P. fengi fengi

P. simila

P. dongi

P. nigrinotum
P. wooi

P. daweishana

P. yunnanensis

P. reducta

P. xuorum

E. sinensis

E. hanae

E. hupingensis
E. robusta

E. miracidia

E. udenostyla

E. bicolor sp. nov.

E. nigra sp. nov.

Outgroup

Eucorydia dasytoides

Diploptera punctata

Abbreviation
PseuBaim
PseuLatiSM
PseulatiDB1
PseulatiDB2
PseulLong1

PseulLong2

PseuFlav
PseuMagn
PseuDefiHS
PseuDefiCJS
PseuFusc1
PseuFusc2
PseuPiloLDT

PseuPiloWBS
PseuPiloYL
PseuPiloWX
PseuFengZXS
PseuFengDHS
PseuFeng1
PseuFeng2
PseuSimiMYL
PseuSimiDGC
PseuSimiTZG

PseuDong
PseuNigr
PseuWooi
PseuDawe
PseuYunnTM
PseuYunnCY
PseuYunnBM
PseuRedu
PseuXuor
EupoSine
EupoHana
EupoHupi
EupoRobu
EupoMira
EupoUden
EupoBico

EupoNigr

EucoDasy

DiplPunc

GenBank ID
PQ059685
PQ059683
PQ059691

PQ059692
PQ059684

PQ059677

PQ059689
PQ059688
PQ059687
PQ059686
PQ059678
PQ059680
PQ059681

PQ059690
PQ059682
0P215882
PQ059693
PQ059679
0P215870
0P215871
0P215883
PQ059676
PQ059675

0P215872
0P215879
0P215874
0P215877
0P215869
0P215865
0P215866
0P215886
OP215875
0P215846
0P215849
0P215854
0P215856
0P215878
0P215887
PQ059694
PQ059695

LC480880
MF479156

Collecting information
Baima Village, Sichuan; 4 Aug. 2019; Lu Qiu
Caoke Village, Sichuan; 20 Jul. 2022; Wei Han, Xin-Xing Luo
Danba County, Sichuan; 12 Jul. 2017; Jian-Yue Qiu, Hao Xu
Jiaju Zangzhai, Sichuan; 12 Jul. 2017; Jian-Yue Qiu, Hao Xu

Baima Snow Mountain, Sichuan; 27 Jul. 2020; Wei Han, Xin-Xing
Luo, Lin Guo

Baima Snow Mountain, Sichuan; 27 Jul. 2020; Wei Han, Xin-Xing
Luo, Lin Guo

Liude Village, Yunnan; 9 Jul. 2021; Lu Qiu, Hao Xu
Jinchuan County, Sichuan; 2020; Jian-Yue Qiu
Heishui County, Sichuan; 22 Jun. 2021; Lu Qiu, Hao Xu
Cuoji Mountain, Sichuan; 6 Aug. 2019; Lu Qiu
Cang Mountain, Yunnan; 29 Jul. 2022; Wei Han, Xin-Xing Luo
Cang Mountain, Yunnan; 29 Jul. 2022; Wei Han, Xin-Xing Luo

Luodatang countryside, Yunnan; 25 Jul. 2022; Wei Han, Xin-Xing
Luo, Lin Guo

Wenbi Mountain, Yunnan; 24 Jul. 2022; Wei Han, Lin Guo
Lanyue Valley, Yunnan; 24 Jul. 2022; Wei Han, Lin Guo
/

Zixi Mountain, Yunnan; 31 Jul. 2022; Wei Han, Xin-Xing Luo
Dahei Mountain, Sichuan; 22 Jul. 2022; Wei Han, Xin-Xing Luo
/

/

/

Dagou Village, Li County, Sichuan; 22 Apr. 2023; Wei Han

Tazigou, Parktou Township, Li County, Sichuan; 18 Apr. 2023; Wei
Han

~

~ N~ NN N N N NN N~~~ - -~

Guiling, Guangxi; 14 Feb. 2023; Hao-Fei Fan
Zhubu Village, Guangxi; 7 Jul. 2023; Wei Han, Xin-Ran Li
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Remark
male
female
male
male

female

nymph

female
male
nymph
female
nymph
male

female

male
male
/
female
female
/
/
/
male

male

~ N~ NN N N N N N N N~~~

male

male
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Results
Molecular analysis based on COI

The alignment of the 42 COl sequences encompasses a total of 660 nucleotide
sites, with intra- and interspecific distances detailed in Suppl. material 3. The
interspecific genetic distances between species in Eupolyphaga range from
9.8% (between E. hanae Qiu, Che & Wang, 2018 and E. robusta Qiu, Che & Wang,
2018) to 20.86% (between E. sinensis (Walker, 1868) and E. nigra sp. nov.). In
Pseudoeupolyphaga, we found similar interspecific variations, with the largest
interspecific distance recorded at 20.90% between P. yunnanensis and P. lati-
zona sp. nov., and the smallest at 6.61% between P. pilosa (Qiu, Che & Wang,
2018) and P, fusca (Chopard, 1929). In terms of intraspecific genetic distance, a
maximum of 7.54% was observed between samples from Wenbi Mountain and
Luodatang countryside of P, pilosa.

The phylogenetic tree of Eupolyphaga and Pseudoeupolyphaga, derived from
the COI sequence, is depicted in Fig. 1. The maximum likelihood (ML) tree illus-
trates the monophyletic nature of species distinguished by morphology, although
almost all the branches exhibit low support values and a few species were repre-
sented by a single terminal, so their respective monophyly was not tested.

Taxonomy

Genus Eupolyphaga Chopard, 1929

Eupolyphaga Chopard, 1929: 261; Bey-Bienko 1950: 283; Princis 1962: 53; Feng
et al. 1997: 165; Qiu et al. 2018: 5; Han et al. 2024: 165.

Type species. Polyphaga sinensis Walker, 1868, by original designation.
Supplementary diagnosis. The external structure and male genitalia charac-
teristics have been given and discussed in Qiu et al. (2018) and Han et al. (2024).
So only female characteristics are added below: Supra-anal plate (TX) distinctly
pubescent, with a slightly protruded posterior margin. Paraprocts (pp.) pubes-
cent, the inner side extending to the middle in a curved hook. The two median
sclerites generally wedged. Cerci short, not exceeding the posterior margin of
supra-anal plate, setose and pubescent. Paratergites (pt.) irregularly-banded.
Crosspiece (cp.) nearly transparent, with a small protuberance pointing toward
the posterior lobes of valvifer Il (sp.pl.). The base of posterior lobes of valvifer
Il fused with the anterior arch (aa.), forming into a circinate structure. Posterior
lobes of valvifer Il curved, the terminal part generally rounded. First valvule (v.I)
long, basally connected to the basivalvula (bsv.) and spermathecal plate, grad-
ually tapering from the base to the tip. Basal part of valvifer Il (v.Il) and valvifer
11 (v.ll) enlargement apparent, apex part sharp. Basivalvula symmetrical, with
generally flat anterior margins, curly lateral margin, and round posterior edge.
Spermathecal plate well-sclerotized, with the middle of the trailing edge folding
backwards, two lobes symmetrical. Spermatheca (sp.) consists of ampulla and
spermathecal duct. The ampulla mostly globular, and the spermathecal duct
usually bifurcated. Vestibular sclerite (vst.s) shaped like the letter “W”, with
protrusions on both sides and in the middle. Subgenital plate (SVII) densely
setose, posterior margin protruded and the terminal part emarginate medially.
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Figure 1. Phylogenetic tree of Eupolyphaga and Pseudoeupolyphaga inferred by maximum-likelihood (ML) analysis of the
mitochondrial COI fragment (outgroups not shown). UFBoot values are shown at the nodes.
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Eupolyphaga bicolor Han, Che & Wang, sp. nov.
https://zoobank.org/34FF402F-9BF4-4C3C-8002-9D0AB626DC39
Figs 2A—N, 4A, B, 5A, |

Type material. Holotype: CHINA ¢ male; Guangxi Zhuang Autonomous Region,
Guiling City; 14 Feb. 2023; Hao-Fei Fan leg. Paratype: CHINA * 1 female, same
collection data as holotype.

Diagnosis. This species is smaller in male size compared to other congeneric
species (body length 16.7-23.4 mm) except E. miracidia (12.1-12.5 mm). It re-
sembles E. sinensis and E. hanae by its yellow abdomen, but it can be distinguished
by its almost unicolored tegmina as well as black head and legs (Fig. 2A, B, G). In
addition, the serrations on the keel of this species are distinctly more curved than
those of E. hanae, and approximate those of E. sinensis and E. miracidia.

Description. Male holotype. Measurements (mm). Overall length (including
tegmen): 23.51; body length: 15.96; body width (tegmina not included): 8.14;
tegmen length x width: 19.66 x 7.77; pronotum length x width: 7.20 x 3.59.

Coloration. Head and face black. Ocelli pale yellowish. Antennal sockets
white. Antenna blackish brown. Ante-clypeus whitish and subtransparent (Fig.
2G). Pronotum and tegmina yellowish brown. Hind wings pale brown. Legs
black, coxa and trochanter slightly yellowish brown. Pulvilli and arolia white.
Abdomen bright yellow (Fig. 2A, B).

Body. Head: Sub-rounded, hidden under the pronotum. Interocular space
narrower than the distance between ocelli, and the latter narrower than the
distance between antennal sockets. Ocelli distinct, ocelli ridge slightly curved,
with a row of setae on the upper edge. Clypeus developed (Fig. 2G). Pronotum:
Transverse oval, widest point near the middle. Anterior whitish margin indis-
tinct. Surface covered with long setae (Fig. 2E). Tegmina and hind wings: Nearly
unicolored, extending beyond the end of abdomen (Fig. 2A, B). Legs: Slender,
front femur type C,. Pulvilli and arolia present (Fig. 2B). Abdomen: Supra-anal
plate transverse, pubescent, posterior margin protruded medially. Paraprocts
simple. Cerci short. Subgenital plate densely setose along the lateral and pos-
terior margins, the hind margin slightly concave in the middle. Styli small and
short (Fig. 2I, J). Genitalia: Basal part of L1 prolonged, two hind lobes robust.
L2 curved. Genital hook (L3) long, the hooked part curved. Right phallomere
long. RTM expanded. R1L banded. R2 simple, the basis chunk rounded and the
distal flat. R3 broad and concave (Fig. 2K, L).

Male paratype. Similar to the holotype, only legs slightly paler in color.

Female paratype. Body length: 22.25; body width: 15.25; pronotum
length x width: 10.93 x 5.31.

Coloration. Terga reddish brown. Sterna dark reddish brown. Face black.
Ocelli and ante-clypeus yellow. Antennal sockets white. The distal part of la-
brum pale yellow. Legs black, spines reddish black (Fig. 2C, D, F, H).

The widest point of the pronotum near the hind margin (Fig. 2F). Ocelli dis-
tinct, the interocular space larger than the distance between antennal sock-
ets, and larger than the distance between the ocelli (Fig. 2H). Arolia and pulvilli
absent. Posterior margin of the supra-anal plate (TX) protruded and emargi-
nated medially. Cerci short, not exceeding the posterior margin of supra-anal
plate. Paraprocts (pp.) pubescent, curved hook-like extensions long and robust.
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Figure 2. Eupolyphaga bicolor Han, Che & Wang, sp. nov. A male holotype, dorsal view B male holotype, ventral view
C female paratype, dorsal view D female paratype, ventral view E male pronotum, dorsal view F female pronotum, dorsal
view G male head, ventral view H female head, ventral view | supra-anal plate, ventral view J subgenital plate, ventral view
K genitalia, dorsal view L right phallomere, right-ventral view M ootheca, lateral view N ootheca, close-up view to show
the serration. Scale bars: 1.0 cm (A-D); 0.2 cm (E-L); 0.1 cm (M, N).
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The two median sclerites present (Fig. 4A). Paratergites (pt.) banded, irregu-
larly shaped. Crosspiece (cp.) weakly sclerotized, the protrusion long. Apex of
posterior lobes of valvifer Il (p.l.) slightly curved. Spermathecal plate (sp.pl.)
narrow, concave in the middle, the two lobes each having an arch in the middle
(Fig. 5A). The ampulla of spermatheca (sp.) large and spherical. The middle
part and left part of spermathecal duct expanded. The right bifurcated duct ex-
pands and bifurcates again in the center, one of the bifurcated ducts connected
to a small globular enlargement, while the other is curved and attached to sev-
eral expansions (Fig. 5l). Basivalvula (bsv.) transverse, two lobes wide, anterior
margin flat, lateral margin curly (Fig. 5A). Vestibular sclerite (vst.s.) shaped like
a “W”, with widened apices on both sides and a forked tip in the middle. Subge-
nital plate (SVII) densely setose, posterior margin protruded, slightly concave
in the middle (Fig. 4B).

Nymph. Unknown.

Ootheca. Yellowish brown. The longitudinal lines distinct. Serrations on the
keel large and curved. The space between the serrations of the curved portion
distinct. Respiratory canals well developed (Fig. 1M, N).

Natural history. Found in the dry soil beside a cave entrance (Hao-Fei Fan
pers. comm., Feb. 2023).

Etymology. The species epithet is derived from the Latin word bicolor, which
indicates that males of this species have two distinct colors: blackish head and
legs; yellowish tegmina, hind wings and abdomen.

Eupolyphaga nigra Han, Che & Wang, sp. nov.
https://zoobank.org/FE3E5490-7D2A-480C-9A25-A2A445DCADFC
Figs 3A-N, 4C, D, 5B, J

Type material. Holotype: CHINA * male; Guangxi Zhuang Autonomous Region,
Chongzuo City, Longzhou County, Zhubu Village, Buji Reservoir; 7 Jul. 2023; Wei
Han, Xin-Ran Li leg. Paratypes: CHINA * 3 males, 1 female & 16 nymphs, same
collection data as holotype.

Diagnosis. This species is almost black and is most similar to E. robusta.
However, the abdomen of this species is unevenly scattered with some ful-
vous markings, whereas the abdomen of the latter is orange-yellow overall or
dark yellow only on the two terminal segments. In addition, the middle part of
terga of females of this species is slightly dark yellowish brown, whereas the
terga of females of the latter is completely black; although serrations on the
keel of both species are strongly curved, there are gaps between the serrated
projections of the ootheca of this species, whereas there are almost no gaps
in the latter.

Description. Male holotype. Measurements (mm). Overall length (including
tegmen): 27.73; body length: 19.67; body width (tegmina not included): 10.03;
tegmen length x width: 23.98 x 9.65; pronotum length x width: 8.13 x 4.79.

Coloration. Head and most of the face black. Ocelli and antennal sockets
white. Antennae blackish brown. Ante-clypeus, basal part of the labrum, and a
portion of the palate yellow (Fig. 3A, B, G). Pronotum, tegmina, hind wings and
legs black. Pulvilli and arolia white. Abdomen black, with some fulvous mark-
ings (Fig. 3A, B).
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Figure 3. Eupolyphaga nigra Han, Che & Wang, sp. nov. A male holotype, dorsal view B male holotype, ventral view
C female paratype, dorsal view D female paratype, ventral view E male pronotum, dorsal view F female pronotum, dorsal
view G male head, ventral view H female head, ventral view | supra-anal plate, ventral view J subgenital plate, ventral view
K genitalia, dorsal view L right phallomere, right-ventral view M ootheca, lateral view N ootheca, close-up view to show
the serration. Scale bars: 1.0 cm (A-D); 0.2 cm (E-L); 0.1 cm (M, N).
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VSLS.

pl.
p.l
Ist.IX

VELS,

Vsi.5. P

Figure 4. Female external genitalia of eight Eupolyphaga species (supra-anal plate and subgenital plate includ-
ed) A, B E. bicolor Han, Che & Wang, sp. nov. C, D E. nigra Han, Che & Wang, sp. nov. E, F E. udenostyla Qiu, 2022
G, H E. hupingensis Qiu, Che & Wang, 2018 |, J E. miracidia Qiu, 2022 K, L E. sinensis (Walker, 1868) M, N E. robusta Qiu,
Che & Wang, 2018 O, P E. hanae Qiu, Che & Wang, 2018. Abbreviations: bsv. basivalvula, cp. crosspiece, ltst. IX lateroster-
nite IX, p.l. posterior lobes of valvifer II, pp. paraprocts, pt. paratergites, sp.pl. spermathecal plate, SVII subgenital plate,
TX supra-anal plate, v.| first valvule, v.Il second valve, v.llI third valve, vst.s vestibular sclerite. Scale bars: 0.1 cm (A-P).

Body. Head: Sub-rounded, hidden under the pronotum. Interocular space nar-
rower than the distance between the ocelli, and the latter narrower than the
distance between the antennal sockets. Ocelli distinct. Ocelli ridge curved, with
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a row of setae on the upper edge. Clypeus developed (Fig. 3B, G). Pronotum:
Transverse oval, widest point near the middle. Anterior whitish margin indis-
tinct. Surface covered with short setae (Fig. 3E). Tegmina and hind wings: Near-
ly unicolored, with a few plaques on both sides (Fig. 3A). Legs: Slender. Front
femur type C,. Pulvilli and arolia present (Fig. 3B). Abdomen: Supra-anal plate
transverse, pubescent, posterior margin protruded. Paraprocts simple. Cerci
pubescent. Posterior margin and lateral margins of subgenital plate densely
setose, hind margin flat. Styli small, the right one bigger than the left (Fig. 3B,
I-L). Genitalia: The basal part of L1 prolonged, and the two hind lobes robust.
L2 curved. Genital hook (L3) long and robust, the hook part curved. Right phal-
lomere smaller than the left phallomere. R2 simple, divided into two chunks. R3
broad and concave (Fig. 3K, L).

Female paratype. Body length: 27.79; body width: 19.12; pronotum
length x width: 13.51 x 7.15.

Coloration. Terga dark yellowish brown to black. Sterna nearly black. Vertex
and face black. Ocelli yellow. Basal part of labrum black. Distal part of labrum
and ante-clypeus yellow. Legs black (Fig. 3C, D, F, H).

The widest point of pronotum near the hind margin (Fig. 3F). Ocelli distinct. In-
terocular space larger than the distance between antennal sockets, and the latter
larger than the distance between ocelli (Fig. 3H). Arolia and pulvilli absent. Pos-
terior margin of the supra-anal plate (TX) emarginated medially. Cerci short, not
exceeding the posterior margin of supra-anal plate. Paraprocts (pp.) pubescent,
curved hook-like extensions long. The two median sclerites irregularly shaped
(Fig. 3C). Paratergites (pt.) banded, terminally bifurcated. Crosspiece (cp.) broad,
the small protrusion short and wide. Posterior lobes of valvifer Il (p.l.) short, ter-
minal rounded. Spermathecal plate (sp.pl.) narrow and concave in the middle,
the two lobes expanded in the middle (Fig. 5B). Spermatheca (sp.) consists of
two distinct large ampullas, the bifurcated duct slightly expanded in the middle
(Fig. 5J). Two lobes of basivalvula (bsv.) nearly triangular, with a flat anterior
margin and a curly lateral margin. Vestibular sclerite (vst.s) shaped like the letter
“W”, with widened apex on both sides and a robust, short protrusion in the mid-
dle. Subgenital plate (SVII) densely setose, posterior margin protruded (Fig. 3D).

Nymph. Similar to the female.

Ootheca. Yellowish brown. The longitudinal lines distinct. Serrations on the
keel large and curved. The space between the serrations of the curved portion
distinct. Respiratory canals well developed (Fig. 3M, N).

Natural history. Found in soft, dry soil under the cliffs near the reservoir.

Etymology. The species epithet is from the Latin niger indicating its black
tegmina.

Eupolyphaga udenostyla Qiu, 2022
Figs 4E, F, 5C, K

Eupolyphaga udenostyla Qiu in Han et al. 2022: 75.
Material examined. * 1 female; Sichuan Prov., Aba Prefecture, Wenchuan Coun-

ty, Keku Township; 7 Aug. 2019; Wei Han, Huan-Yu Ren leg ¢ 1 female; same
collection data as above, but 5 Oct. 2019; Lu Qiu leg * 4 females; Sichuan Prov.,
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Aba Prefecture, Wenchuan County, mountains behind the 5.12 Wenchuan
Earthquake Memorial Museum; Jul.—Aug. 2019; Qi Li leg.

Description on the female characters. Supra-anal plate (TX) black, densely
covered with long brown setae. Paraprocts (pp.) pubescent, with thin and short
curved hook-like extensions. Cerci short, not exceeding the posterior margin of
the supra-anal plate. Paratergites (pt.) banded. Crosspiece (cp.) nearly transpar-
ent and the protrusion small. The first valvule (v.I) long, basal part connected to
the spermathecal plate (sp.pl.). Basal of the second valvule (v.Il) broad, terminal
sharp. Basal part of the third valve (v.lll) enlarged. Posterior lobes of valvifer II
(p.l.) slightly sclerotized. The spermathecal plate narrow, arched in the middle. The
anterior margin and hind margin of the two lobes have irregular protrusions. The
spermatheca (sp.) consists of two distinct large ampullas. The basal ampulla con-
nected to a long spermathecal duct; the middle part of the duct has a small glob-
ular enlargement. Basivalvula (bsv.) broad, with a flat anterior margin and a curly
lateral margin. Vestibular sclerite (vst.s) shaped like the letter “W”, apically expand-
ed in both sides, the tip of the central protuberance emarginated. The subgenital
plate (SVII) densely setose, the terminal part of the posterior margin emarginated.

Eupolyphaga hupingensis Qiu, Che & Wang, 2018
Figs 4G, H, 5D, L

Eupolyphaga hupingensis Qiu, Che & Wang, 2018: 18; Qiu et al. 2019: 11 (cata-
logue); Han et al. 2022: 88.

Material examined. < 1 female; Hunan Prov., Shaoyang City, Xinning County,
Huanglong Town, Lizhu Village, Shunhuang Mountain, Zihua Ping; 24-25 May
2022; Lu Qiu leg.

Description of the female characters. Supra-anal plate (TX) black and dense-
ly covered with setae, the posterior margin slightly flat. Paraprocts (pp.) pubes-
cent, curved hook-like extensions thin and long. The two median sclerites ir-
regularly shaped. Cerci short, not exceeding the posterior margin of supra-anal
plate. Paratergites (pt.) long and banded. Crosspiece (cp.) weakly sclerotized,
barely visible. Posterior lobes of valvifer Il (p.l.) short and robust. Spermathecal
plate (sp.pl.) concave in the middle, with two narrow lobes. Spermatheca (sp.)
consists of two distinct and large ampullas, the terminal ampulla larger. The
duct bifurcated near the basal ampulla, and the bifurcated duct expands into
a small ball in the middle. Basivalvula (bsv.) transverse, the two lobes nearly
triangular, and the lateral margin curled. Subgenital plate (SVII) setose, the ter-
minal part of the posterior margin flat and emarginated medially.

Eupolyphaga miracidia Qiu, 2022
Figs 41, J, 5E, M
Eupolyphaga miracidia Qiu in Han et al. 2022: 73.

Material examined. ¢ 5 females; Hubei Prov., Xiangyang City, Magiao Township,
roadside of Ganxigou, 480-600 m; 13 Jul. 2017; Lu Qiu leg.

ZooKeys 1211: 151-191 (2024), DOI: 10.3897/z00keys.1211.128805 162



Wei Han et al.: New species of Eupolyphaga and Pseudoeupolyphaga

Description of the female characters. Supra-anal plate (TX) dark yellowish
brown and densely covered with setae, posterior margin slightly protruded.
Paraprocts (pp.) pubescent, curved hook-like extensions short. The two median
sclerites irregularly shaped. Cerci short, not exceeding the posterior margin of
supra-anal plate. Paratergites (pt.) long and banded. Crosspiece (cp.) nearly
transparent, the protrusion long. Posterior lobes of valvifer Il (p.l.) slightly
sclerotized, two lobes long and curved. Spermathecal plate (sp.pl.) narrow,
concave in the middle. The two lobes expanded, with irregular protrusions.
Spermatheca (sp.) consists of two distinct, large ampullas. The basal ampulla
connected to a long spermathecal duct, which is bifurcated in the middle.
The terminal part of the duct slightly expanded. Basivalvula (bsv.) broad, with
a relatively flat anterior margin and a curly lateral margin. Vestibular sclerite
(vst.s) shaped like the letter “W”, with expanded and elongated ends on both
sides. Subgenital plate densely setose, the terminal part of the posterior margin
protruded and emarginated medially.

Eupolyphaga sinensis (Walker, 1868)
Figs 4K, L, 5F, N

Polyphaga sinensis Walker, 1868: 14.

Homoeogamia sinensis: Saussure 1869: 282; Hollier et al. 2020: 347. Syn-
onymized by Qiu et al. 2018.

Heterogamia sinensis: Dohrn 1888: 132.

Heterogamia dohrniana Saussure, 1893: 309; Hollier et al. 2020: 345.

Polyphaga limbata Kirby, 1903: 379.

Eupolyphaga sinensis: Chopard 1929: 262; Qiu et al. 2018: 5 (revision); Qiu et al.
2019: 11 (checklist); Han et al. 2022: 84.

Material examined. * 2 females; Beijing City, Haidian District, Beijing Xishan Na-
tional Forest Park; 28 Apr. 2015; Bing—Qiang Wang leg * 1 female; Anhui Prov.
Hefei City, Binhu County; 3 Oct. 2018; Lin Zhou leg * 1 female; Jiangsu Prov.,
Nanjing City, Xuanwu District, Zijin Mountain, Zhongshan Mausoleum; 18 Jul.
2021; Ya-Ning Sun, Yi-Fan Zhao leg.

Description on the female characters. Supra-anal plate (TX) dark yellow-
ish brown and densely covered with setae, the posterior margin protruded
medially. Paraprocts (pp.) pubescent, curved hook-like extensions thin and
long. The two median sclerites irregularly-shaped. Cerci short, not exceeding
the posterior margin of supra-anal plate. Paratergites (pt.) long and banded.
Crosspiece (cp.) nearly transparent, the protrusion robust. Posterior lobes of
valvifer Il (p.l.) weakly sclerotized. Spermathecal plate (sp.pl.) broad, distinct-
ly concave in the middle, two lobes foliated. Spermatheca (sp.) consists of
four distinct, large ampullas. The terminal ampulla abnormally enlarged, with
a bifurcated catheter attached to one side of the ampulla. Basivalvula (bsv.)
transverse, with two long and narrow lobes, the lateral margin curly. Vestib-
ular sclerite (vst.s) shaped like the letter “W”. The three protrusions almost
identical in height. Terminal of both sides’ protrusion expanded. Subgenital
plate (SVII) densely setose, posterior margin protruded and the terminal part
emarginated medially.
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Figure 5. Basivalvula, spermathecal plate and spermatheca of eight Eupolyphaga species A, | E. bicolor Han, Che & Wang,
sp. nov. B, J E. nigra Han, Che & Wang, sp. nov. C, K E. udenostyla Qiu, 2022 D, L E. hupingensis Qiu, Che & Wang, 2018
E, M E. miracidia Qiu, 2022 F, N E. sinensis (Walker, 1868) G, O E. robusta Qiu, Che & Wang, 2018 H, P E. hanae Qiu, Che &
Wang, 2018. Scale bars: 0.05 cm (I-P).

Eupolyphaga robusta Qiu, Che & Wang, 2018
Figs 4M, N, 5G, O

Eupolyphaga robusta Qiu, Che & Wang, 2018: 19; Qiu et al. 2019: 11 (catalogue);
Han et al. 2022: 86.

Material examined. * 1 female; Sichuan Prov., Aba Prefecture, Wenchuan Coun-
ty, Miansi Town; 29 March 2020; Jian-Yue Qiu leg * 1 female; Sichuan Prov.,
Aba Prefecture, Maoxian County, Nanxin Town, Miancu Village; 7 Aug. 2019;
Zong-Qing Wang, Lu Qiu, Wei Han, Huan-Yu Ren leg * 1 female; Sichuan Prov.,
Aba Prefecture, Maoxian County, Xiaomiao Mountain; 6 Aug. 2019; Lu Qiu, Wei
Han, Huan-Yu Ren leg.

Description of the female characters. Supra-anal plate (TX) black and
covered with setae, posterior margin slightly protruded in the middle. Para-
procts (pp.) pubescent, the curved hook-like extensions long. The two me-
dian sclerites irregularly-shaped. Cerci short, not exceeding the posterior
margin of supra-anal plate. Paratergites (pt.) long and banded. Crosspiece
(cp.) well-sclerotized and the protrusion robust. Posterior lobes of valvifer
Il (p.l.) short. Spermathecal plate (sp.pl.) narrow and slightly concave in the
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middle, with two lobes that have distinct arch in the middle. Spermatheca
(sp.) consists of two distinct, large ampullas, the terminal ampulla bigger,
and the duct connecting the two ampullas slightly expanded. The ampulla
near the base also connected to a duct that expands into a small ball in the
middle. Basivalvula (bsv.) transverse, two lobes wide, lateral margins curly.
Vestibular sclerite (vst.s) shaped like the letter “W”, slightly expanded at the
terminal of both sides’ protrusions. The middle protrusion forked at the tip.
Subgenital plate (SVII) densely setose, the posterior margin protruded and
emarginated terminally.

Eupolyphaga hanae Qiu, Che & Wang, 2018
Figs 40, P, 5H, P

Eupolyphaga hanae Qiu, Che & Wang, 2018: 42; Qiu et al. 2019: 11 (checklist);
Han et al. 2022: 84.

Material examined. * 5 females; Chongging City, Beibei District, Jinyun Moun-
tain, Southwest Bureau Statue; 10 Jul. 2021; Wei Han leg ¢ 3 females; Sichuan
Prov., Suining City, Shehong County, Fuxing Town, Taixing Township, Laogang-
mo Village; 8 Mar. 2016; Lei Wang leg ¢ 1 female; Sichuan Prov., Jiangjin District,
Simian Mountain, Shunzigou; 6 Mar. 2016; Jian-Yue Qiu, Hao Xu leg * 1 female;
Sichuan Prov., Mianyang City, Jiangyou County, Qianyuan Mountain, Jinguang-
dong; 16 Jan. 2022; Hao Xu, Xin-Yuan Zhang leg.

Description of the female characters. Supra-anal plate (TX) reddish brown
and densely covered with setae. The posterior margin flat. Paraprocts (pp.)
pubescent, curved hook-like extensions short. The two median sclerites irreg-
ularly shaped. Cerci short, not exceeding the posterior margin of supra-anal
plate. Paratergites (pt.) long and banded. Crosspiece (cp.) nearly transparent,
the protrusion long and robust. Posterior lobes of valvifer Il (p.l.) slightly scle-
rotized, two lobes long and curved, with poorly-defined edges. Spermathecal
plate (sp.pl.) broad and concave in the middle, two lobes with distinct cone-
shaped protrusions. The posterior margin of the lobe with irregular protru-
sions. Spermatheca (sp.) consists of two distinct, large ampullas. The basal
ampulla connected to a long spermathecal duct, the duct slightly expanded in
the middle and terminal portions. Basivalvula (bsv.) transverse, anterior mar-
gin elongated terminally, the lateral margin curled. Vestibular sclerite (vst.s)
shaped like the letter “W”, expanded at the terminal of both sides. Subgenital
plate (SVII) densely setose, posterior margin protruded and the terminal part
emarginate medially.

Genus Pseudoeupolyphaga Qiu & Che, 2024
Pseudoeupolyphaga Qiu & Che in Han et al. 2024: 165.

Type species. Polyphaga yunnanensis Chopard, 1922, by original designation.
Supplementary diagnosis. Following anatomical examination of spec-
imens representing 15 species and subspecies, no noteworthy variations
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were discerned in the sclerites of female external genitalia and the shape of
spermathecae across different species within this genus. Consequently, de-
tailed descriptions of female external genitalia and spermathecae for these
species were omitted, and instead, a summary diagnosis encompassing the
genus is provided (Fig. 6). Comprehensive information and illustrations of
the anatomical samples are available in the supplementary material (Suppl.
materials 1, 2). Paratergites (pt.) banded or lamellar. Crosspiece (cp.) indis-
tinct or distinct, with a small protuberance that points towards the poste-
rior lobes of valvifer Il (p.l.). The posterior lobes of valvifer Il fuse with the
anterior arch (aa.) forming a circinate structure. Posterior lobes of valvifer
Il well-sclerotized or not, curved apically. The first valvule (v.I) long, slightly
curved, with more pronounced lateral sclerotization. Basal part of valvifer Il
(v.I) and valvifer I1l (v.lll) enlarged. The spermathecal plate (sp.pl.) well-scle-
rotized, narrow, depressed downward in the middle. Basivalvula (bsv.) sym-
metrical, with two lobes narrow. Each lobe with curved anterior margins, curly
lateral margins, and round posterior margins. The spermatheca (sp.) consists
of a large spherical ampulla and a short spermathecal duct. With or without
a curved and elongated duct attached to the ampulla. The vestibular sclerite
(vst.s) shaped like the letter “W”, with three protrusions. The subgenital plate
(SVII) densely setose, posterior margin bulging and protruding, with middle
part slightly concave inward or not.
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Figure 6. The supra-anal plate, subgenital plate, female external genitalia and spermatheca of the genus Pseudoeupo-
lyphaga, using P. yunnanensis (Chopard, 1922) as an exemplar A supra-anal plate and female external genitalia, ventral
view B supra-anal plate and female external genitalia, dorsal view C subgenital plate, ventral view D subgenital plate,
dorsal view. Scale bars: 0.1 cm (A-D). Abbreviations: bsv. basivalvula, p.l. posterior lobes of valvifer Il, pp. paraprocts, pt.
paratergites, sp. spermatheca, sp.pl. spermathecal plate, SVII subgenital plate, TX supra-anal plate, v.I first valvule, v.1I
second valve, v.1ll third valve, vif.la first valvifer arm, vst.s vestibular sclerite.
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Pseudoeupolyphaga flava Han, Che & Wang, sp. nov.
https://zoobank.org/93E7B897-8469-4081-84B6-8D290B586FDD
Fig. 7A-L

Type material. Holotype: CHINA * male; Yunnan Province, Lijiang City, Yongsheng
County, Liude Village, G353 roadside in dry soil; 9 Jul. 2021; Lu Qiu, Hao Xu leg.
Paratypes: CHINA * 2 males, 1 female & 7 nymphs, same collection data as holotype.

Diagnosis. This species can be easily distinguished from others by its bright
yellowish abdomen, present in both males and females. In addition, the males
of this species have large patches in the middle of their tegmina, which is dis-
tinctly different from other congeneric species.

Description. Holotype. Measurements (mm). Overall length (including teg-
men): 25.58; body length: 18.24; body width (tegmina not included): 9.21; teg-
men length x width: 21.41 x 7.40; pronotum length x width: 6.95 x 3.76.

Coloration. Body mostly yellow (Fig. 7A, B). Pronotum dark yellowish brown
to reddish brown, anterior margin white, with short yellow setae (Fig. 7E). Teg-
mina pale gray, with densely darkish brown maculae. Hind wings nearly trans-
parent, also with densely pale-colored maculae (Fig. 7A, B). Head black. Ocelli
white. Antennae brownish yellow. Forehead black. Ante-clypeus white, post-cly-
peus yellowish brown. Labrum pale yellowish brown (Fig. 7G). Legs yellow,
tibia, tarsi, and ante-tarsi yellowish brown. Pulvilli and arolia white. Abdomen
yellow, distal part slightly darker in color (Fig. 7B).

Body. Head: Sub-rounded, hidden under pronotum. Eyes developed, ocelli bulg-
ing round and protruded. Interocular space narrower than the distance between
ocelli, the latter narrower than the distance between antennal sockets. Ocelli ridge
indistinct, with a row of setae on the upper edge. Clypeus developed (Fig. 7G). Pro-
notum: Transverse oval, widest near the hind margin. Surface with short setae. An-
terior whitish margin narrow, clearly demarcated from the yellowish-brown area,
with symmetrical dark protrusions in the center (Fig. 7E). Tegmina and hind wings:
Maculae dense and of different size. A large fused brown macula located in the
center (Fig. 7A). Legs: Slender, front femur type C,. Pulvilli and arolia present (Fig.
7B). Abdomen: Supra-anal plate transverse, pubescent, posterior margin slightly
protruded medially. Paraprocts simple. Cerci long. Subgenital plate with short se-
tae, hind margin slightly concave medially. Left stylus shorter than the right one
(Fig. 71, J). Genitalia: Right phallomere bigger than the left phallomere. L1 basally
prolonged, two hind lobes weakly sclerotized. L2 arching, curved. Genital hook
(L3) short and robust, the hook small. L4M broadly lamellate; pda subtriangular,
paa broad. L5 subelliptic. L8 basally dilated, tip with a protrusion. Right phallomere
long. RTM stout. R1L banded, elongate. R2 divided into two chunks, the basal one
more rounded, the upper one with a flatter anterior margin and a protruded pro-
longed right posterior lateral angle. R3 thin, convex, and irregular (Fig. 7K, L).

Male paratypes. Similar to the holotype.

Female paratype. Body length: 20.20 mm; body width: 13.00 mm); pronotum
length x width: 10.61 x 6.53 mm.

Coloration. Terga yellowish brown to reddish brown, margins with yellowish
brown setae (Fig. 7C). Sterna yellow, the distal part slightly darker (Fig. 7D).
Head black. Ocelli white. Ante-clypeus sub-transparent, pale gray. Post-clypeus
blackish brown. Basal part of labrum pale gray (Fig. 7H). Legs yellow, tibia near-
ly black. Spines dark yellowish brown to black (Fig. 7C, D).
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Body. The widest point of pronotum near the hind margin, anterior whitish
margin indistinct (Fig. 7F). Ocelli indistinct, degraded to two small white spots.
Interocular space bigger than the distance between ocelli, and almost equal to

R1L

Figure 7. Pseudoeupolyphaga flava Han, Che & Wang, sp. nov. A, B, E, G, I-L male holotype C, D, F, H female paratype
A habitus, dorsal view B habitus, ventral view C habitus, dorsal view D habitus, ventral view E pronotum, dorsal view F pro-
notum, dorsal view G head, ventral view H head, ventral view | supra-anal plate, ventral view J subgenital plate, ventral
view K genitalia, dorsal view L right phallomere, right-ventral view. Scale bars: 1.0 cm (A-D); 0.2 cm (E=H); 0.1 cm (I-L).
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the distance between antennal sockets (Fig. 7H). Front femur type C,. Arolia and
pulvilli absent. Supra-anal plate densely covered with long yellowish brown se-
tae, posterior margin slightly convex, slightly emarginated medially. Cerci short
and robust, not exceeding posterior margin of supra-anal plate. Posterior margin
of subgenital plate protruded, emarginated medially (Suppl. material 1: fig. S1A).

Nymph. Similar to the female.

Ootheca. Unknown.

Etymology. The species epithet is derived from the Latin word flavus, refer-
ring to the yellowish abdomen of both males and females.

Remark. The interspecific genetic distance between this species and the
other species within this genus ranges from 10.62% to 20.39%, providing sup-
port for the classification of this species as a novel taxon.

Pseudoeupolyphaga deficiens Han, Che & Wang, sp. nov.
https://zoobank.org/BC9BB5BD-69BB-4C77-82CC-2B3074E26956
Figs 8A-L, 15A, J

Type material. Holotype: CHINA * male; Sichuan Province, Aba Prefecture, Heishui
County, entrance to Dagu Glacier; 22 Jun. 2021; Lu Qiu, Hao Xu leg. Paratypes:
CHINA * 1 female & 1 ootheca, same collection data as holotype * 1 female & 20
nymphs, Sichuan Province, Mao County, Cuoji Mountain; 6 Aug. 2019; Lu Qiu leg.
Diagnosis. This species is distinguishable from others by the broad anterior
white margin of the pronotum and the absence of a distinct boundary between
the markings on the tegmina in males. In addition, the surface of the ootheca
of this species is unusually smooth, with serrated protuberances and blunt tips.
Description. Holotype. Measurements (mm). Overall length (including teg-
men): 30.86; body length: 18.62; body width (tegmina not included): 10.34; teg-
men length x width: 26.28 x 10.49; pronotum length x width: 7.51 x 3.91.
Coloration. Body yellowish brown (Fig. 8A, B). Pronotum reddish brown, cov-
ered with yellowish setae, anterior margin white (Fig. 8E). Tegmina pale yellow,
with brown maculae. Wings nearly transparent (Fig. 8A, B). Face yellow. Antennae
yellow. Eyes black. Ocelli white. Middle of forehead with a dark brown macula.
Ante-clypeus pale yellow, post-clypeus yellowish brown. Labrum yellow (Fig. 8G).
Legs yellowish brown, tibia dark yellowish brown. Pulvilli and arolia white. Abdo-
men yellowish brown and gradually darkening toward the distal abdomen (Fig. 8B).
Body. Head: Sub-rounded, hidden under pronotum. Eyes and ocelli devel-
oped. Ocelli ridge slightly curved, with a row of setae on the upper edge. In-
terocular space narrower than the distance between ocelli, the latter narrower
than the distance between antennal sockets. Clypeus developed (Fig. 8G). Pro-
notum: Transverse oval, widest near the middle. Surface densely covered with
short setae, center part with symmetrical black stripe. Anterior whitish mar-
gin broad, clearly delineated from reddish brown areas (Fig. 8E). Tegmina and
hind wings: Markings varied in size and denser near the base of the tegmina
(Fig. 8A, B). Legs: Slender, front femur type C.. Pulvilli and arolia present (Fig.
8B). Abdomen: Supra-anal plate transverse, pubescent, middle part of poste-
rior margin slightly protruded. Paraprocts simple. Subgenital plate with short
setae, hind margin flat. Styli long (Fig. 81, J). Genitalia: Well-sclerotized. Right
phallomere bigger than the left phallomere. Anterior protrusion of L1 long and
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sharp. L2 arching curved. Genital hook (L3) robust, curved hook section nearly
right-angled. L4M broad lamellate. The protrusion of pda and paa broad. L7
sub-membranous, ovoid. L8 irregular, subtriangular. RTM stoutly expanded ter-
minally, R1L elongate and banded. R2 divided into two chunks of approximate
size, narrowly spaced, with rounded margins. R3 broadly concave (Fig. 8K, L).

Figure 8. Pseudoeupolyphaga deficiens Han, Che & Wang, sp. nov. A, B, E, G, I-L male holotype C, D, F, H female paratype.
A habitus, dorsal view B habitus, ventral view C habitus, dorsal view D habitus, ventral view E pronotum, dorsal view F pro-
notum, dorsal view G head, ventral view H head, ventral view | supra-anal plate, ventral view J subgenital plate, ventral
view K genitalia, dorsal view L right phallomere, right-ventral view. Scale bars: 1.0 cm (A-D); 0.2 cm (E=H); 0.1 cm (I-L).
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Female paratype (same locality as holotype). Body length: 20.96 mm; body
width: 13.82 mm; pronotum length x width: 10.75 x 6.46 mm.

Coloration. Terga dark yellowish brown (Fig. 8C). Head black. Antennae yel-
low. Ocelli white. Ante-clypeus yellowish white. Post-clypeus black. Labrum
yellowish brown (Fig. 8H). Legs dark yellowish brown, with large dark brown
patches. Spines on the leg reddish brown, terminal nearly black. Sterna dark
yellowish brown, margins and both sides nearly blackish brown; middle part
slightly lighter, yellowish brown (Fig. 8D).

Body. The widest point of pronotum near the hind margin, middle part with
symmetrical black dark stripe, anterior whitish margin indistinct (Fig. 8F). Ocel-
li indistinct, degraded to two white spots. Interocular space almost equal to
the distance between antennal sockets, both bigger than the distance between
ocelli (Fig. 8H). Front femur type C,. Arolia and pulvilli absent. Supra-anal plate
densely covered with yellowish brown setae, posterior margin convex, middle
part slightly emarginated. Cerci short and robust, not exceeding posterior mar-
gin of supra-anal plate. Posterior margin of subgenital plate protruded, emargi-
nated medially (Suppl. material 1: fig. S1B).

Nymph. Similar to the female.

Ootheca. Reddish brown. Surface with densely parallel longitudinal lines.
Ridges of serrated protuberances densely arranged with blunt tips. No respira-
tory canals (Fig. 15A, J).

Etymology. The species epithet is derived from the Latin word deficiens, to
refer to the markings on the tegmina that lack distinct boundaries.

Remark. The genetic distance from other species was 8.39%—20.30%, which
also provides evidence supporting the description of this new species.

Pseudoeupolyphaga magna Han, Che & Wang, sp. nov.
https://zoobank.org/72A2A7E7-49EB-442A-B2C5-121C8180C1D6
Fig. 9A-L

Type material. Holotype: CHINA * male; Sichuan Province, Aba Prefecture, Jin-
chuan County, Guanyingiao Township; 2020; Jian-Yue Qiu leg. Paratype: CHINA
+ 1 female, same collection data as holotype.

Diagnosis. The males of this species closely resemble P. yunnanensis, but
are significantly larger than all other species in this genus as currently known,
and can be distinguished accordingly.

Description. Holotype. Measurements (mm). Overall length (including teg-
men): 42.44; body length: 27.56; body width (tegmina not included): 14.52; teg-
men length x width: 37.40 x 12.60; pronotum length x width: 11.67 x 6.91.

Coloration. Pronotum yellowish brown, covered with yellowish setae, ante-
rior margin white (Fig. 9A, E). Tegmina subtransparent, densely covered with
blackish brown maculae (Fig. 9A). Eyes, vertex, and space between ocelli black.
Face yellowish brown. Ocelli, antennal sockets, and ante-clypeus white. Anten-
nae, post-clypeus, labrum, labial palpi and maxillary palpi yellow (Fig. 9G). Legs
yellowish brown, tibia and spines dark yellowish brown to black. Pulvilli and ar-
olia white. Sterna yellowish brown, middle and distal part nearly black (Fig. 9B).

Body. Head: Sub-rounded, hidden under pronotum. Eyes and ocelli devel-
oped. Ocelli ridge indistinct, with a row of setae on the upper edge. Interocular
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space narrower than the distance between ocelli, the latter narrower than the
distance between antennal sockets. Clypeus developed (Fig. 9G). Pronotum:
Transverse oval, widest near the middle. Sparsely covered with short setae,
middle part with symmetrical black stripes. Anterior whitish margin broad on

Figure 9. Pseudoeupolyphaga magna Han, Che & Wang, sp. nov. A, B, E, G, I-L male holotype C, D, F, H female paratype
A habitus, dorsal view B habitus, ventral view C habitus, dorsal view D habitus, ventral view E pronotum, dorsal view F pro-
notum, dorsal view G head, ventral view H head, ventral view | supra-anal plate, ventral view J subgenital plate, ventral
view K genitalia, dorsal view L right phallomere, right-ventral view. Scale bars: 1.0 cm (A-D); 0.2 cm (E=H); 0.1 cm (I-L).
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both sides and absent in middle, unclearly delineated from the yellowish-brown
areas (Fig. 9E). Tegmina and hind wings: Maculae uniformly distributed and of
moderate size. Hind wings nearly transparent, with a few pale brown patches
(Fig. 9A). Legs: Slender, front femur type C,. Pulvilli and arolia present (Fig. 9B).
Abdomen: Supra-anal plate transverse, pubescent, posterior margin slightly
protruded medially. Paraprocts simple. Subgenital plate with short setae, hind
margin concave in the middle. Styli long (Fig. 91, J). Genitalia: L1 weakly scle-
rotized, two posterior lobes diverging widely. L2 arching curved, broad. Genital
hook (L3) robust. L4M broad lamellate. Pda and paa developed, protrusions
long. L8 irregular. RTM expanded terminally, R1L elongate and banded. R2 with
two chunks. R3 broadly concave, sub-transparent (Fig. 9K, L).

Female paratype. Body length: 22.31 mm; body width: 17.27 mm; pronotum
length x width: 12.88 x 6.82 mm.

Coloration. Terga reddish brown (Fig. 9C). Space between ocelli reddish
brown. Antennae yellow. Ocelli, antennal sockets, ante-clypeus as well as upper
and lower margins of labrum white. Middle part of labrum yellow. Post-clypeus
pale reddish brown (Fig. 9H). Legs yellowish brown, tibia dark yellowish brown.
Spines on foot reddish brown to black. Sterna dark reddish brown to black,
darker in the middle and edges (Fig. 9D).

The widest point of pronotum near the hind margin, middle part with sym-
metrical black stripe, anterior whitish margin indistinct (Fig. 9F). Ocelli degrad-
ed to two white spots. Interocular space almost equal to the distance between
antennal sockets, both larger than the distance between ocelli (Fig. 9H). Front
femur type C,. Arolia and pulvilli absent. Posterior margin of supra-anal plate
protruded, slightly emarginated medially. Cerci short and robust, not exceeding
posterior margin of supra-anal plate. Posterior margin of subgenital plate pro-
truded and emarginated medially (Fig. 9C, D).

Nymph. Unknown.

Ootheca. Unknown.

Etymology. The species epithet is derived from the Latin word magnus, refer-
ring to the significantly larger male body size than is usual in the genus.

Remarks. The external morphology of this species closely resembles that
of P. yunnanensis, particularly in the markings on the tegmina and the color-
ation of abdomen. However, the male of this species is significantly larger than
males of the latter. The genetic distance between this species and others rang-
es from 13.09 to 21.97%, further supporting its status as a new species.

Pseudoeupolyphaga longiseta Han, Che & Wang, sp. nov.
https://zoobank.org/DF1330DC-C49E-4101-8984-3D8F0C3424BC
Figs 10A-L, 15B, K

Type material. Holotype: CHINA « male; Yunnan Province, Diging Tibetan Auton-
omous Prefecture, Deqgin County, Baimaxueshan Nature Reserve; 27 Jul. 2020;
Wei Han, Xin-Xing Luo, Lin Guo leg. Paratypes: CHINA ¢ 1 female & 5 nymphs,
same collection data as holotype.

Diagnosis. The male of P, longiseta sp. nov. shares similarities with those of
P simila and P, pilosa, yet the markings on the tegmina of this new species are
more densely patterned and darker than in the latter two, particularly near the base
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of the tegmina. Additionally, some maculae on the tegmina of the new species
merged. Unlike males of P similar and P, pilosa, which exhibit a yellowish longitu-
dinal line and an interrupted longitudinal line on their abdomen, respectively, this
new species lacks a longitudinal line on its abdomen. Additionally, black markings
present on the female abdomen of P. similar are absent in the females of this new

Figure 10. Pseudoeupolyphaga longiseta Han, Che & Wang, sp. nov. A, B, E, G, I-L male holotype C, D, F, H female para-
type. A habitus, dorsal view B habitus, ventral view C habitus, dorsal view D habitus, ventral view E pronotum, dorsal view

F pronotum, dorsal view G head, ventral view H head, ventral view | supra-anal plate, ventral view J subgenital plate, ventral
view K genitalia, dorsal view L right phallomere, right-ventral view. Scale bars: 1.0 cm (A-D); 0.2 cm (E-H); 0.1 cm (I-L).
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species. In addition, the ootheca of this species has weak serrated protuberances
and bluntly rounded tips, which are distinctly different from P, pilosa.

Description. Holotype. Measurements (mm). Overall length (including teg-
men): 29.87; body length: 19.45; body width (tegmina not included): 10.38; teg-
men length x width: 26.22 x 9.50; pronotum length x width: 7.23 x 4.10.

Coloration. Pronotum yellowish brown, covered with long yellowish setae, ante-
rior margin white (Fig. 10A, E). Tegmina pale gray, densely covered with black mac-
ulae. Hind wings subtransparent, with pale blackish brown maculae (Fig. 10A).
Eyes and space between ocelli black. Ocelli yellowish white. Antennae and labrum
yellowish brown. Space between antennal sockets yellowish brown, middle with
a black marking. Ante-clypeus, labial palpi and maxillary palpi yellowish white.
Post-clypeus dark yellowish brown (Fig. 10B, G). Legs yellowish brown, outside of
tibia nearly blackish brown. Pulvilli and arolia white. Sterna nearly black (Fig. 10B).

Body. Head: Sub-rounded, not completely hidden under pronotum. Eyes and
ocelli developed. Ocelli ridge narrow, with a row of setae on the upper edge.
Interocular space narrower than the distance between ocelli, the latter narrow-
er than the distance between antennal sockets. Clypeus developed (Fig. 10G).
Pronotum: Transverse oval, widest near the anterior margin. Densely covered
with long setae, central part with a symmetrical black stripe. Anterior whitish
margin broad, clearly delineated from the yellowish-brown areas (Fig. 10E).
Tegmina and hind wings: Tegmina densely covered with maculae. The mark-
ings near the base of the tegmina unusually dense and continuous. Hind wing
nearly transparent, with a few pale brown patches (Fig. 10B). Legs: Slender,
front femur type C,, pulvilli and arolia present (Fig. 10B). Abdomen: Supra-anal
plate transverse, narrow and pubescent, posterior margin slightly protruded.
Paraprocts simple. Margins of subgenital plate densely covered with setae,
hind margin slightly concave in the middle. Styli long (Fig. 10l, J). Genitalia:
L1 weakly sclerotized, the left protuberance sharp, two posterior lobes diverge
widely. Genital hook (L3) robust. L4M broad lamellate. Pda and paa developed,
protrusions long. L8 irregular, flaky. RTM with slightly flattened posterior mar-
gin. R1L elongate and banded. One of the two R2 chunks more rounded, the
other subtriangular. R3 broadly concave, subhyaline (Fig. 10K, L).

Female paratype. Body length: 20.27; body width: 12.22; pronotum
length x width: 9.34 x 4.95.

Coloration. Terga yellowish brown to black (Fig. 10C). Vertex, eyes, post-cly-
peus and space between ocelli nearly black. Antennae yellowish brown. Ocelli
and antennal sockets yellowish white. Ante-clypeus as well as upper and lower
margins of labrum pale gray. Middle of labrum yellowish brown (Fig. 10H). Legs
dark yellowish brown, tibia and spines dark yellowish brown to black. Sterna
nearly black (Fig. 10D).

Body. The widest point of pronotum near the hind margin, middle part with
symmetrical black stripes, anterior whitish margin absent (Fig. 10F). Ocelli
degraded to two white spots. Interocular space almost equal to the distance
between antennal sockets, both bigger than the distance between ocelli (Fig.
10H). Front femur type C.. Arolia and pulvilli absent. Posterior margin of su-
pra-anal plate slightly convex, emarginated medially. Cerci short and robust, not
exceeding the posterior margin of supra-anal plate. Posterior margin of sub-
genital plate protruded and emarginated medially (Suppl. material 1: fig. S1C).

Nymph. Similar to the female, just a little paler in color.
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Ootheca. Yellowish brown. Surface with densely parallel longitudinal lines.
Ridges of serrated protuberances densely arranged with semicircular tips. No
respiratory canals (Fig. 15B, K).

Etymology. The species epithet is derived from the Latin words longi and
seta, referring to the dense, long pubescence on the pronotum and head of
the species.

Remark. The genetic distance between this species and the remainder of
the genus ranges from 9.18% to 18.74%, supporting it being a new species. The
collection site of this species is close to the distribution site of Epipolyphaga
wukong Qiu, Che & Wang, 2019, and there may be a sympatric distribution be-
tween them.

Pseudoeupolyphaga latizona Han, Che & Wang, sp. nov.
https://zoobank.org/6813330E-1E3B-4BBD-8189-DEBAA9CIFED4
Figs 11A-R,15C,D, L, M

Type material. Holotype: CHINA « male; Sichuan Province, Yaan City, Shimian
County, Caoke Village; 20 Jul. 2022; Wei Han, Xin-Xing Luo leg. Paratypes:
CHINA « 1 female, 5 nymphs & some oothecae, same collection data as holo-
type * 4 males; Sichuan Province, Ganzi Prefecture, Danba County; 12 Jul. 2017
Jian-Yue Qiu, Hao Xu leg * 1 male; Sichuan Province, Ganzi Prefecture, Danba
County, Jiaju Zangzhai; 12 Jul. 2017; Hao Xu, Jian-Yue Qiu leg * 2 males; Sich-
uan Province, Ganzi Prefecture, Danba County, Zhanggu Town, Baiga Mountain;
14 Jun. 2013; Li He leg + 1 female, 3 nymphs, 3 oothecae; Sichuan Province,
Ganzi Prefecture, Danba County, Zhanggu Town, Baiga Mountain; Oct. 2016;
Jian-Yue Qiu leg * 1 female, 2 nymphs, 5 oothecae; Sichuan Province, Ganzi
Prefecture, Danba County; 20 Feb. 2017; Jian-Yue Qiu leg + 1 male; Sichuan
Province, Ganzi Prefecture, Danba County, Zhanggu Town, Baiga Mountain; 14
Jun. 2013; Li He leg * 4 nymphs, 1 ootheca; Sichuan Province, Ganzi Prefecture,
Danba County, Zhanggu Town, Baiga Mountain; Feb. 2017; Lu Qiu leg.

Diagnosis. The male of this species resembles the newly described species
P. baimaensis sp. nov., but differs in having denser markings on the tegmina,
darker abdominal coloration, and more distinct boundaries of yellow-black ab-
dominal markings. The female of this species has slightly smaller ocelli com-
pared to the latter. Additionally, the serrations of the ootheca of this species are
very weak, whereas those of P baimaensis sp. nov. are slightly stronger.

Description. Holotype. Measurements (mm). Overall length (including teg-
men): 33.70; body length: 20.94; body width (tegmina not included): 11.54; teg-
men length x width: 29.29 x 9.91; pronotum length x width: 9.19 x 5.39.

Coloration. Pronotum dark yellowish brown, covered with short yellow-
ish setae. Anterior margin white (Fig. 11A, K). Maculae in tegmina and hind
wings blackish brown (Fig. 11A, B). Eyes, vertex, and spaces between ocelli
black. Ocelli and antennal sockets white. Post-clypeus dark yellowish brown.
Ante-clypeus pale yellow. Base of labrum white, rest yellowish brown. Labial
palpi and maxillary palpi yellowish brown, connections white (Fig. 11B, M).
Legs yellowish brown, tibia and spines dark yellowish brown. Pulvilli and aro-
lia white. Sterna yellow, margins, middle and distal part with black markings
(Fig. 11B).
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RIL

Figure 11. Pseudoeupolyphaga latizona Han, Che & Wang, sp. nov. A, B, K, M, 0—R male holotype (Shimian County) C—F male
paratype (Danba County) G, H, L, N female paratype (Shimian County) I, J female paratype (Danba County) A habitus, dor-
sal view B habitus, ventral view C habitus, dorsal view D habitus, ventral view E habitus, dorsal view F habitus, ventral view
G habitus, dorsal view H habitus, ventral view | habitus, dorsal view J habitus, ventral view K pronotum, dorsal view L pro-
notum, dorsal view M head, ventral view N head, ventral view O supra-anal plate, ventral view P subgenital plate, ventral
view Q genitalia, dorsal view R right phallomere, right-ventral view. Scale bars: 1.0 cm (A-J); 0.2 cm (K-N); 0.1 cm (O-R).
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Body. Head: Sub-rounded, nearly completely hidden under pronotum. Eyes
and ocelli developed. Ocelli ridge narrow, with a row of setae on the upper edge.
A dimple present between the ocelli. Interocular space nearly equal to the dis-
tance between ocelli, and both narrower than the distance between antennal
sockets. Clypeus developed (Fig. 11M). Pronotum: Transverse oval, widest near
the middle. Densely covered with setae on surface, with symmetrical stripes in
the middle. Anterior whitish margin greatly broad, clearly delineated from the
yellowish-brown areas (Fig. 11K). Tegmina and hind wings: Densely covered
with maculae, most of maculae small (Fig. 11A). Legs: Slender, front femur
type C,. Pulvilli and arolia present. Abdomen: Supra-anal plate transverse, nar-
row and pubescent, posterior margin slightly protruded medially. Paraprocts
simple. Hind margin of subgenital plate densely covered with setae, slightly
asymmetrical, middle part slightly concave. Styli long (Fig. 110, P). Genitalia:
The left protuberance of L1 robust, two posterior lobes and terminal protru-
sion strong. L2 arched. Genital hook (L3) straight, the hook small. L4M broad
lamellate. Pda and paa developed, protrusions long. L8 irregular, subtriangular.
R1M expanded terminally. R1L elongate, banded. R2 divided into two chunks.
R3 broadly concave (Fig. 11Q, R).

Female paratype (same locality as holotype). Body length: 24.12 mm; body
width: 16.33 mm; pronotum length x width: 11.81 x 6.85 mm.

Coloration. Terga yellowish brown to blackish brown (Fig. 11G, I). Vertex and
eyes black. Ocelli yellow. Antennae yellowish brown. Antennal sockets, base
of labrum and two sides of ante-clypeus white. Middle of ante-clypeus yellow.
Post-clypeus and middle of labrum reddish brown. Distal part of labrum black.
Legs dark yellowish brown to reddish brown, spines reddish brown to black.
Sterna reddish brown to black (Fig. 11H, J).

Body. The widest point of pronotum near the hind margin, middle area with
symmetrical dark stripe. Anterior whitish margin absent (Fig. 11L). Ocelli de-
graded to two spots. Interocular space almost equal to the distance between
ocelli, both narrower than the distance between antennal sockets (Fig. T1N).
Front femur type C.. Arolia and pulvilli absent. Posterior margin of supra-anal
plate protruded, slightly emarginated medially. Cerci short and robust, not ex-
ceeding posterior margin of supra-anal plate. Posterior margin of subgenital
plate protruding medially (Figs 11G-J, Suppl. material 1: fig. S1D).

Nymph. Similar to the female, a little paler in color.

Ootheca. Dark reddish brown to black. Surface with densely parallel longitudi-
nal lines. Serrations of keel very weak. No respiratory canals (Fig. 15C, D, L, M).

Etymology. The species epithet is derived from a combination of the Latin
words latus and zona, which refers to the broad anterior whitish margin on the
pronotum of the male.

Remark. Samples from Danba County were previously identified as P. yun-
nanensis (Qiu et al. 2018). However, their tegmina maculae are significantly
denser than those of P yunnanensis. There are some differences between sam-
ples from Shimian County and Danba County: the former has a darker body
coloration and dense but separate tegmina maculae, while the latter has a paler
body coloration and with some fused maculae in tegmina. We also found a
recently emerged male individual with dense but scattered forewing maculae
and a yellowish-white abdomen (Fig. 11E, F). The genetic distance between
the samples from Shimian County and Danba County of this species is 4.75%,
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leading to their designation as conspecific. Furthermore, the genetic distance
between this species and members of the rest of the genus ranges from 12.92%
to 20.90%, providing further support for its classification as a new species.

Pseudoeupolyphaga baimaensis Han, Che & Wang, sp. nov.
https://zoobank.org/74F84569-2690-4C2A-A13F-64E02FEB3CB4
Figs 12A-L, 15E, N

Type material. Holotype: CHINA + male; Sichuan Province, Mianyang City, Ping-
wu County, Baima Village; 4 Aug. 2019; Lu Qiu leg. Paratype: CHINA + 1 female,
same collection data as holotype.

Other material examined. CHINA + 10 oothecae; same collection data as ho-
lotype.

Diagnosis. The male of this species resembles P, latizona sp. nov., but differs
in having sparser markings on the tegmina, paler abdominal coloration, and
less distinct boundaries of yellow-black abdominal markings. The female of
this species has slightly larger ocelli compared to the latter. Additionally, the
serrations of the ootheca of this species are slightly stronger than those of P
latizona sp. nov.

Description. Male holotype. Measurements (mm). Overall length (including
tegmen): 35.51; body length: 23.39; body width (tegmina not included): 11.53;
tegmen length x width: 30.00 x 9.40; pronotum length x width: 10.28 x 5.91.

Coloration. Pronotum yellowish brown, anterior margin white. Tegmina and
hind wings pale yellow, maculae blackish brown (Fig. 12A, E). Eyes, vertex, and
spaces between ocelli black. Ocelli and ante-clypeus yellowish white. Antennal
sockets white. Antennal sockets, post-clypeus, and labrum yellowish brown.
Labial palpi and maxillary palpi yellowish brown, distal part and connections
white (Fig. 12G). Legs yellowish brown, spines and outside of tibia dark yel-
lowish brown to black. Pulvilli and arolia white. Sterna dark yellowish brown,
margins and distal part black (Fig. 12B).

Body. Head: Sub-rounded, nearly completely hidden under pronotum. Eyes
and ocelli developed. Ocelli ridge indistinct, with a row of setae on the upper
edge. Interocular space nearly equal to the distance between ocelli, and both
narrower than the distance between antennal sockets. Clypeus developed (Fig.
12G). Pronotum: Transverse oval, widest near the middle. Densely covered with
setae and pubescence, middle part with symmetrical stripe. Anterior whitish
margin greatly broad and clearly delineated from yellowish brown areas (Fig.
12E). Tegmina and hind wings: Densely covered with small maculae, maculae
fused near the base (Fig. 12A). Legs: Slender, front femur type C,. Pulvilli and
arolia present (Fig. 12B). Abdomen: Supra-anal plate transverse, narrow and pu-
bescent, posterior margin slightly protruded medially. Paraprocts simple. Hind
margin of subgenital plate flat, densely covered with setae. Styli columnar (Fig.
121, J). Genitalia: L1 weakly sclerotized, anterior protrusion round, the left protu-
berance robust, two posterior lobes curved. L2 arched, terminal round. Genital
hook (L3) curved in the middle. L4M broad lamellate. Pda and paa developed,
protrusions long. L8 long and narrow, flaky. RTM widely expanded at terminal
part. R1L elongate, banded. R2 divided into two chunks. R3 broadly concave
(Fig. 12K, L).
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Figure 12. Pseudoeupolyphaga baimaensis Han, Che & Wang, sp. nov. A, B, E, G, I-L male holotype C, D, F, H female
paratype. A habitus, dorsal view B habitus, ventral view C habitus, dorsal view D habitus, ventral view E pronotum, dor-
sal view F pronotum, dorsal view G head, ventral view H head, ventral view | supra-anal plate, ventral view J subgenital
plate, ventral view K genitalia, dorsal view L right phallomere, right-ventral view. Scale bars: 1.0 cm (A-D); 0.2 cm (E-H);
0.1 cm (I-L).
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Female paratype. Body length: 25.19 mm; body width: 16.017 mm); pronotum
length x width: 9.29 x 5.09 mm.

Coloration. Terga blackish brown. Vertex, eyes, space between ocelli and
post-clypeus black. Ocelli and antennae yellowish brown. Ante-clypeus and
base of labrum yellowish white. Middle and distal part of labrum yellowish
brown. Legs dark yellowish brown to black, spines black. Sterna nearly black,
dark yellowish brown in most of central areas (Fig. 12C, D, H).

Body. The widest point of pronotum near the hind margin, middle part with
symmetrical black stripe. Anterior whitish margin absent (Fig. 12F). Ocelli de-
graded to two spots. Interocular space almost equal to the distance between
ocelli, both narrower than the distance between antennal sockets (Fig. 8H).
Front femur type C,. Arolia and pulvilli absent. Posterior margin of supra-anal
plate protruded, emarginated medially. Cerci short, not exceeding posterior
margin of supra-anal plate. Posterior margin of subgenital plate protruded,
emarginated medially (Figs 12C, D, Suppl. material 1: fig. STE).

Nymph. Unknown.

Ootheca. Yellowish brown. Surface with parallel longitudinal lines. Serrations
of keel weak, terminal blunt. No respiratory canals (Fig. 15E, N).

Etymology. The species epithet is derived from the type locality, Baima Vil-
lage, in Pingwu County, Mianyang City, Sichuan Province.

Remark. The genetic distance between this species and the remaining mem-
bers of the genus ranges from 12.92% to 19.70%, providing support for its clas-
sification as a new species.

Pseudoeupolyphaga pilosa (Qiu, Che & Wang, 2018)
Figs 13A-J,15F, G, O, P

Eupolyphaga pilosa Qiu, Che & Wang, 2018: 50; Qiu et al. 2019: 11 (catalogue).
Pseudoeupolyphaga pilosa: Han et al. 2024: 166.

Type locality. “Yunnan Province, Diging Prefecture, Weixi County, Pantiange
Township, A valley Near Zhazi; 2970 m”

New material examined. CHINA + 1 male, 2 females; Yunnan Province, Lijiang
City, Yulong Snow Mountain, Blue Moon Valley; 24 Jul. 2022; Wei Han, Lin Guo leg
+ 1 male, 1 female; Yunnan Province, Lijiang City, Wenbi Mountain; 24 Jul. 2022;
Wei Han, Lin Guo leg * 1 male, 4 nymphs; Yunnan Province, Weixi County, Badi
Village, Luodatang countryside; 25 Jul. 2022; Wei Han, Xin-Xing Luo, Lin Guo leg.

Remarks. This species was previously only documented in Pantiange Town-
ship, Weixi County, Yunnan Province. However, a recent collection in Yunnan
has expanded its distribution range. In samples collected at various sites, the
density of markings on the male tegmina varied (Fig. 13A—F). Markedly spars-
er markings were observed on the samples from Pantiange Township (Qiu et
al. 2018: fig. 8A, B) and Luodatang countryside in Weixi County (Fig. 13A, B)
compared to those from Yulong Snow Mountain (Fig. 13C, D) and Wenbi Moun-
tain (Fig. 13E, F). Additionally, the male abdomens of samples from Pantiange
Township, Yulong Snow Mountain, and Wenbi Mountain were dark brown to
black, while those from Luodatang countryside were yellowish-brown.
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Genetic distance analyses revealed that the genetic distance between sam-
ples from the four different collection sites ranged from 3.92% to 7.54%. Given
the proximity of these new distributions to the type locality, and the absence
of significant differences in oothecae (Fig. 15F, G, O, P; Qiu et al. 2018: fig. 38|,
Q), the samples from the new location were temporarily classified as distinct
geographic populations of P. pilosa.

Pseudoeupolyphaga fengi fengi (Qiu, Che & Wang, 2018)
Figs 13K-N, 15H, Q

Eupolyphaga fengi fengi Qiu, Che & Wang, 2018: 42; Qiu et al. 2019: 11 (checklist).
Pseudoeupolyphaga fengi fengi: Han et al. 2024: 166.

Type locality. “Yunnan Province, Chuxiong City, Zixi Mountain; 2397 m”

New material examined. CHINA + 1 male, 2 females & 1 ootheca; Sichuan
Province, Panzhihua City, Dahei Mountain, Xiaoshilin Pass; 22 Jul. 2022; Wei
Han, Lin Guo leg.

Ootheca. Light reddish brown. Longitudinal lines densely arranged. Serrated
protuberances sparsely arranged, tips subtriangular and slightly tilted. No re-
spiratory ducts (Fig. 13H, Q).

Remarks. The male specimen from Zixi Mountain has pale yellowish-brown
tegmina, a dark brown abdomen, and legs with yellow markings (Qiu et al.
2018: fig. 10E, F). While male samples from Dahei Mountain display pale gray-
ish-brown tegmina, a blackish brown abdomen and legs, and yellow markings
on the abdomen (Fig. 13K, L). The density of markings on tegmina is nearly
identical in both location samples. Genetic distances range from 0% to 0.8%
between the samples from Zixi Mountain, and from 6.6% to 7.1% between the
samples from Zixi Mountain and Dahei Mountain. Since the genetic distances
between the samples from Zixi Mountain and Dahei Mountain did not signifi-
cantly differ, and the distribution of tegmina markings as well as the degree of
density were almost identical, the differences in coloration and markings be-
tween the samples from Dahei Mountain and those from the type locality, Zixi
Mountain, are temporarily considered to be intraspecific variation.

Pseudoeupolyphaga fusca (Chopard, 1929)
Figs 130-R, 15, R

Eupolyphaga fusca Chopard, 1929: 270; Wu, 1935: 29; Princis, 1952: 35; Bey-Bi-
enko, 1957: 896; Princis, 1962: 55; Qiu et al. 2018: 28; Qiu et al. 2019: 11
(catalogue).

Pseudoeupolyphaga fusca: Han et al. 2024: 166.

Type locality. “Yunnan Province, Kunming City”

New material examined. CHINA ¢ 1 male, 2 females & 5 oothecae; Yunnan
Province, Dali City, Cangshan National Geopark, Yudai Road; 29 Jul. 2022; Wei
Han, Xin-Xing Luo leg.
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Figure 13. Pseudoeupolyphaga pilosa (Qiu, Che & Wang, 2018) (A-J) Pseudoeupolyphaga fengi fengi (Qiu, Che & Wang,
2018) (K-N) Pseudoeupolyphaga fusca (Chopard, 1929) (O-R) A, B male of Luodatang countryside, C, D male of Yulong
Snow Mountain, E, F male of Wenbi Mountain, G, H female of Pantiange Township, I, J female of Yulong Snow Mountain,
K, L male of Dahei Mountain, M, N female of Dahei Mountain, O, P male of Cang Mountain, Q, R female of Cang Mountain.
A, C,E, G, |, K, M, O, Qhabitus, dorsal view B, D, F, H, J, L, N, P, R habitus, ventral view. Scale bars: 1.0 cm (A-R).
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Ootheca. Light yellowish brown. Longitudinal lines densely arranged but not
prominent. Serrated protuberances sparsely arranged with subtriangular tips.
No respiratory ducts (Fig. 15I, R).

Remarks. This species is the only one in the genus with unicolored tegmina;
the remaining species have spotted tegmina. It has the smallest interspecific
genetic distance (6.61%) with P. pilosa in the genus. However, it can be distin-
guished from the latter based on tegmina coloration alone.

Pseudoeupolyphaga simila (Qiu, 2022)
Fig. 14A-J

Eupolyphaga simila Qiu, 2022 in Han et al. 2022: 81.
Pseudoeupolyphaga simila: Han et al. 2024: 166.

Type locality. “Sichuan Province, Lixian County, Miyaluo Town, Siboguo Village;
2944 m”.

New material examined. CHINA + 3 males, 1 nymph; Sichuan Province, Aba
Prefecture, Li County, Parktou Township, Tazigou; 22 Apr. 2023; Wei Han leg
+ 1 male, 1 female; Sichuan Province, Aba Prefecture, Li County, Dagou Village;
18 Apr. 2023; Wei Han leg.

Remarks. There was almost no difference in the external morphology be-
tween samples from Dagou Village (Fig. 14A, B) and the type locality Sibogo
Village (Han et al. 2022: fig. 6A, B), aside from slightly denser tegmina markings
in the former. The most discernible difference between Tazigou samples (Fig.
14C, D) and those from Sibogo Village was the relatively shorter and broader
tegmina. Measurements for the Tazigou samples were as follows (mm): over-
all length: 21.87, body length: 16.71, body width (tegmina not included): 9.89,
tegmen length x width: 18.44 x 8.13, and pronotum length x width: 8.37 x 3.88.
Regarding genetic distance, it was 3.52% between Sibogo Village and Dagou
village, 5.31% between Sibogo Village and Tazigou samples, and 5.12% be-
tween Dagou Village and Tazigou samples. Geographically, none of the three
regions are more than thirty kilometers apart from each other. Hence, samples
from both Dagou village and Tazigou are classified as P. simila.

Discussion

Incorporating molecular data could provide more reliable evidence for species
identification within Corydioidea (Trotter et al. 2017; Han et al. 2022). Our results
show that all morphologically identified species are supported by molecular data.
However, the boundaries between interspecific and intraspecific genetic distanc-
es in Pseudoeupolyphaga remain unclear. The maximum intraspecific genetic dis-
tance within the genus is 7.54% (P. pilosa, samples from Luodatang countryside
and Wenbi Mountain), while the minimum interspecific genetic distance is 6.61%
(P pilosa and P, fusca), resulting in overlapping intraspecific and interspecific ge-
netic distances for the COI marker. This situation is detrimental to the delimita-
tion of some morphologically similar specimens. Some studies have pointed out
that the species’ limited migratory capacity and substantial geographic isolation
of their ranges may account for the larger intraspecific genetic distances (Qiu et
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Figure 14. Pseudoeupolyphaga simila (Qiu, 2022) A, B male from Dagou Village, Li County, Aba Prefecture, Sichuan Prov-
ince C—J male and nymph from Tazigou, Putou Township, Li County, Aba Prefecture, Sichuan Province A habitus, dorsal
view B habitus, ventral view C habitus, dorsal view D habitus, ventral view E supra-anal plate, ventral view F subgenital
plate, ventral view G genitalia, dorsal view H right phallomere, right-ventral view | a living male, dorsal view J a living
nymph, ventral view. Scale bars: 1.0 cm (A-D); 0.1 cm (E-H).
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_A

Figure 15. Oothecae of Pseudoeupolyphaga, lateral view (A-1) and close-up view to show the serrations (J-R) A, J P. de-
ficiens sp. nov. B, K P. longiseta sp. nov. C, D, L, M P. latizona sp. nov. C, L from Caoke Village D, M from Danba County
E, N P baimaensis sp. nov. F, G, O, P P. pilosa (Qiu, Che & Wang, 2018) F, O from Yulong Snow Mountain G, P from Wenbi
Mountain H, Q P. fengi fengi (Qiu, Che & Wang, 2018) from Dahei Mountain I, R P. fusca (Chopard, 1929) from Cang Moun-
tain. Scale bars: 0.1 cm (A-R).

al. 2018; Han et al. 2022). Thus, the delimitation of species in the genus should
consider not only morphological and molecular differences, but also differenc-
es in geographic distance. In the future, broader sampling, more comprehensive
genetic data collection, and consideration of geographic distribution or chromo-
some number, coupled with meticulous analyses, could facilitate comprehension
of the species formation and ultimately improve species delimitation efforts.
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The structure of female genitalia can serve as useful characters for spe-
cies identification in Blattodea, albeit with variations in the sclerites utilized.
For instance, key characters include the basivalvula, laterosternal shelf, and
spermatheca in Cryptocercus Scudder, 1862 (Wang et al. 2015; Bai et al. 2018);
and the anterior arch and basivalvula in Anaplecta Burmeister, 1838 (Zhu et
al. 2022). Previous investigations of female genitalia within Corydioidea were
limited, with descriptions available for only eight species across four genera
(McKittrick 1964; Mackerras 1968; Grandcolas 1993).

In this study, we conducted a comparative analysis of the female external
genitalia and spermathecae among eight species of Eupolyphaga and 15 spe-
cies and subspecies of Pseudoeupolyphaga. Our findings revealed consistent
structural compositions among these species, with variations observed in the
degree of sclerotization in some sclerites. However, in both genera, the roles of
the female external genital sclerites and spermathecae in species delimitation
are not the same. Among these genital structures, the spermatheca, sperma-
thecal plate, and basivalvula exhibited the most significant interspecific varia-
tion in Eupolyphaga. They can be used as reliable characters for female identifi-
cation of this genus, alone or in combination. The morphology of spermatheca
in Eupolyphaga species exhibits variability, and the females of the eight species
can be distinguished based on the number, morphology, and mode of ampulla
attachment (Fig. 5I-P). Additionally, the shape of the spermathecal plate varies
significantly in E. bicolor sp. nov., E. nigra sp. nov., E. hupingensis, E. robusta,
and E. hanae (Fig. 5A, B, D, G, H), distinguishing each species from the others.
Furthermore, the basivalvula also serves as a distinguishing feature for species
identification. For instance, in E. hupingensis (Fig. 5D), its shape differs distinct-
ly from that of other species, while in E. hanae (Fig. 5H), the anterior margins of
the two lobes are notably toothed and prominent. While most sclerites of the
female genitalia in Pseudoeupolyphaga are poorly sclerotized and lack distinct
boundaries, the other well-sclerotized sclerites (spermathecal plate and basiv-
alvula) are almost identical in shape, as are the spermathecae. This makes
them well suited as synapomorphy of the genus, but not effective for species
delimitation. In the future, the study of female genitalia in more genera should
be considered to reveal more about their taxonomic significance and their evo-
lutionary patterns.
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Abstract

A recently published molecular phylogenetic analysis, focusing on selected Western
Atlantic subspecies of Acetes americanus Ortmann, 1893 and allies, was inconclusive
about relationships among these members. This previous study found three groups
that split into two distinct lineages: Acetes americanus (Brazil 1) (= A. americanus sen-
su stricto) and Acetes americanus (Brazil 2) + A. americanus (USA). Combined mor-
phometry and molecular analyses applied to members of the group Acetes americanus
(Brazil 2) revealed a new unidentified species genetically related to the A. americanus
representatives. However, at that time, no conclusive morphological characters were
found to identify it. In the present study, following an in-depth morphological analysis of
specimens from the three groups, including data on the type series and consideration
of the subtle distinctions of members of each lineage, morphological features of the
reproductive structures (petasma and genital sternite) were found to characterize the
new species, which is formally described and named herein.

Key words: Acetes americanus, Brazil, Cananéia, Dendrobranchiata, hidden diversity,
new species, taxonomy

Introduction

The genus Acetes H. Milne Edwards, 1830 is represented by 13 species world-
wide (De Grave and Fransen 2011; DecaNet 2024). Only three species are dis-
tributed in the Western Atlantic: Acetes americanus Ortmann, 1893, Acetes
marinus Omori, 1975 and Acetes paraguayensis Hansen, 1919 (Costa and
Simoes 2016; Simdes et al. 2023). Historically, Acetes americanus has pre-
sented taxonomic instability in four subspecies (A. americanus americanus
Ortmann, 1893; A. a. carolinae Hansen, 1933; A. a. louisianensis Burkenroad,
19344a;A. a. limonensis Burkenroad, 1934a), but only two of them are considered
valid (Holthuis 1948) and accepted (see Simdes et al. 2023 and DecaNet 2024
for review and details below), nowadays. Acetes americanus features a wide
geographic distribution in the Western Atlantic and presents two subspecies
acknowledged for their geographic separation: Acetes americanus carolinae
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is distributed in North America and Acetes americanus americanus, in South
America (DecaNet 2024). However, there are regions (Central America and
Northern South America) where both subspecies are distributed in sympatry
(Perez-Farfante and Kensley 1997). Despite the morphological similarity be-
tween these two subspecies, there are subtle morphological differences in
their body and cornea lengths (Omori 1975). Yet, taxonomic inconsistencies
were reported in both subspecies in the 1970s. Therefore, their geographically
coexistent and subtle features make their validity doubtful and still unsolved.
Accordingly, and due to pending future taxonomic rearrangements, the follow-
ing nomenclature was adopted below: A. americanus sensu stricto - since the
taxonomic status based on phylogenetic relationship, geographical distribu-
tion and morphology is clear [see lineage A. americanus (Brazil 1) in Simdes
et al. (2023); present study]; and Acetes a. carolinae - due to taxonomic uncer-
tainties under this entity.

Specimens collected from the Brazilian coast were previously identified as
A. americanus during a long-term biodiversity project focused on the Brazilian
fauna, based on integrative analyses (see Mantelatto et al. 2018, 2022). These
specimens showed some variability in morphological characters that have
called our attention and presented some doubtful identifications. Recently,
our team conducted a molecular study (Simdes et al. 2023) to compare
A. americanus specimens collected in South America to A. a. carolinae speci-
mens sampled in North America. It was done using two mitochondrial markers
to test the genetic validity of both subspecies and the likely existence of other
entities distributed along the Western Atlantic that were not mentioned in pre-
vious investigations. This study found three strongly-supported groups divided
into two different genetic lineages composed of A. americanus sensu stricto
(Brazil 1) and Acetes americanus (Brazil 2) + A. americanus (USA) (see Simdes
et al. 2023; figs 3-6). The aforementioned authors used additional morphomet-
ric analysis (see Simdes et al. 2023; fig. 7) to corroborate the lineages and the
new unrecognized species, ‘Acetes americanus (Brazil 2)', which was genetical-
ly related to A. americanus representatives.

In the present study, we formally describe Acetes americanus (Brazil 2)
based on morphology. Besides the significant support from previously devel-
oped DNA-based phylogenetic analyses, the new species was also compared
to Acetes a. americanus and A. a. carolinae.

Materials and methods

Specimens were collected under field permit approval by Instituto Chico Mendes
de Biodiversidade/ICMBio, Protocol No. 23008-1, Permanent Licenses to RCC
number 23012-4 and FLM 11777-2, and SISGEN CEA7CD5 and A5845DA. Most
of them were deposited at the Crustacean Collection of the Department of
Biology (CCDB), Faculty of Philosophy, Science and Letters at Ribeirdo Preto,
University of Sdo Paulo (FFCLRP/USP). Additional loaned specimens and the
designated type series are deposited in the following scientific collections: Zo-
ology Museum of University of Sdo Paulo, Sdo Paulo, Brazil (MZUSP); Crusta-
cean Collection of the Laboratory of Biology of Marine and Freshwater Shrimp,
S&o Paulo State University (UNESP), Bauru, Brazil (CCLC); Crustacean Collec-
tion of Federal University of Rio Grande do Sul, Brazil (DZ/UFRGS); Crustacean
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Collection of Museu Nacional do Rio de Janeiro, Brazil (MNRJ); Oceanographic
Museum of Federal University of Pernambuco, Brazil (MOUFPE); National
Museum of Natural History, Smithsonian Institution, USA (USNM); University
of Louisiana Zoological Collection, Lafayette, USA (ULLZ); and Natural History
Museum of Denmark - University of Copenhagen, Denmark (NHMD).

The morphological description was based on characters and character
states proposed by Omori (1975), D’Incao and Martins (2000) and Vereshcha-
ka et al. (20164, 2016b), which used the form of the genital area (thelycum) in
females and the petasma shape in males as diagnostic characters. The phy-
logenetic positioning and topologies proposed by Simdes et al. (2023) were
followed to assess individuals’ morphology and identification.

Carapace length was measured from the rostrum tip to the carapace’s pos-
terior margin and expressed in millimeters (mm). All measurements were taken
with a calibrated ocular micrometer (+/- 0.1 mm) or digital caliper. Sex was
assessed based on petasma (first pleopod) presence in males and on thely-
cum presence in females (Xiao and Greenwood 1993). Morphometric measure-
ments and illustrations were carried out with the aid of a stereo microscope
(Leica® M205 C) coupled with a camera (Leica® DFC 295), added with software
Leica Application Suite version 3.8.0 for taking measurements. The resulting
drawings were processed in Adobe lllustrator 2020°.

Molecular analyzes

The phylogenetic hypothesis was created using the same sequences pro-
duced and deposited in GenBank by Simd&es et al. (2023) (Suppl. material 1).
Maximum likelihood phylogenetic analyzes were performed using the IQ-TREE
program (Miller et al. 2010) with the mitochondrial 16S Ribosomal RNA (16S
rRNA) and cytochrome c oxidase subunit | (COI) genes concatenated. Branch
support was assessed by ultrafast bootstrap with 1000 replications. Acetes
paraguayensis Hansen, 1919 was included as an outgroup following the most
recent global phylogeny (Vereshchaka 2017) and Simdes et al. (2023). Intra-
and interspecific genetic distances were estimated using MEGA 5.0 software
(Tamura et al. 2011).

Abbreviations

cl carapace length,
coll(s). collector(s),
ind. individuals,

PL. pleopods,
coord. coordinate.

Results
Taxonomy

Superfamily Sergestoidea Dana, 1852
Family Sergestidae Dana, 1852
Genus Acetes H. Milne Edwards, 1830
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Acetes maratayama Bochini, Costa & Mantelatto, sp. nov.
https://zoobank.org/BC6949CD-ABFE-48CA-8311-ED86CC7E5B6D
Figs 1-4

Type material. Holotype: BRAZIL: + & (cl 2.94 mm); CCDB 7957; Sao Paulo,
Cananéia, Mar Pequeno; (24°59'55"S, 47°53'49"W); 5-10 m deep; colls. Costa,
R.C. etal.; 17 April 2011. Paratypes: * 4 &'s and 4 s (cl 2.70 - 3.93 mm); CCDB
7958 (photo available, one dissected specimen); same data as holotype *+ 1 &
and 1 @ (cl 2.9 and 4.04 mm, respectively); MOUFPE 22042; same data as ho-
lotype * 1 & and 1 @ (cl 3.04 and 3.93 mm, respectively); MZUSP 45904; same
data as holotype * 2 s and 2 9s (cl 4.01 = 5.19 mm); CCDB 7959; BRAZIL, Rio
de Janeiro, Macaé; (22°22'13.65"S, 41°39'9.42"W); colls. Davanso, T.M. et al.; 01
September 2013+ 2 dsand 2 @s (cl 3.25 - 5.34 mm); MNRJ 31168; BRAZIL, Rio
de Janeiro, Macaé; (22°22'13.65"S, 41°39'9.42"W); colls. Davanso, T.M. et al.; 01
September 2013+ 1 $ and 1 9 (cl 4.20 and 5.53 mm, respectively); DZ/UFRGS
7089; BRAZIL, Rio de Janeiro, Macaé; (22°22'13.65"S, 41°39'9.42"W);colls. Da-
vanso, T.M. et al.; 01 September 2013.

Additional material. - > 30 ind. (not measured); CCDB 3251; same data as
holotype * > 50 ind. (not measured); CCDB 7624; BRAZzIL, Rio de Janeiro, Macaé;
(22°22'13.65"S, 41°39'9.42"W); colls. Davanso, T.M. et al.; 01 September 2013.

Comparative material. Acetes a. americanus: * 7 ind.; CCDB 6320; BRAZIL, Rio
Grande do Norte, Baia Formosa; (06°21'11.6"S, 35°00'1.9"W); colls. Lopes, M.,
Carvalho-Batista, A.; 25 April 2014 - 2 s (cl 3.6 and 5.1 mm); MZUSP 21210;
BRAzIL, Alagoas, Maceid; 27/06/1989 - > 15ind.; CCLC 258; BRAZIL, Espirito San-
to, Anchieta, col. Braga, A.C.A.; 01 January 2014 - 10 ind.; CCDB 7626; BRAZIL,
Rio de Janeiro, Macaé; (22°22'13.65"S, 41°39'9.42"W); colls. Davanso, T.M. et
al.; 01 September 2013 + >10 ind.; CCLC 253; BRAzIL, Sdo Paulo, Ubatuba, col.
Costa, R.C.; 02 October 2014 - 10 ind.; CCDB 4939; BrAzIL, Sdo Paulo, Sao Vi-
cente, col. Castilho, A.L.; 03 September 2012 « 2 9s (cl 5.10 and 4.80 mm);
CCLC 257; BRrAZzIL, Santa Catarina, Penha, coll. Davanso, T.M.; 24 June 2014.

Acetes a. carolinae: * 2 3s and 3 @s; ULLZ 3274; UNITED STATES, Gulf of Mex-
ico, Louisiana; coll. Forman, W.W.; 31 October 1972.

Diagnosis. Rostrum acuminate, acute; median ridge with strong posterior
tooth. Carapace smooth on surface, except for post-orbital and hepatic spine.
Hepatic spine present in males, external part petasma not exceeding base of
capitellum; inferior antennular flagellum with 10 articles. Concavity of anterior
margin of genital sternite in females forming very deep arch.

Description. Male. The rostrum (Fig. 1A, B) is acuminate, acute; the median
ridge has a strong posterior tooth. There is a small supraorbital spine on each
side above the eyes, near the face. The hepatic spine is present (Fig. TA). Quite
large eyes do not exceed the posterior margin of the first antennular article
(Fig. 1A, C). Antennule with long peduncle; very elongated third article, which is
approximately three times longer than the inner margin of the second article,
similar to the size of the first article (Fig. 1D); the first article in females is twice
the length of the third article and approximately 4.5x longer than the second
article; the inner distal lateral margin of the first article presents simple setae
in the anterior half (Fig. 1G); males with inferior antennular flagellum have 10
articles; there is no clasping organ; males’ thickened proximal 3-article portion

ZooKeys 1211: 193-209 (2024), DOI: 10.3897/z0ookeys.1211.128059 196



Gabriel L. Bochini et al.: New species of marine shrimp Acetes

\
J

2 mm

1 mm 1 mm 500 pm

Figure 1. Acetes maratayama sp. nov. A-F, H-I male paratype, Brazil, Sdo Paulo, Cananéia (CCDB 7958) G female, para-
type, Brazil, Sdo Paulo, Cananéia (CCDB 7958) A lateral view B carapace, dorsal view C right antennular peduncle and
ocular peduncle, lateral view D right antennular peduncle, dorsal view E lower antennular flagellum, lateral view F proxi-
mal part of lower antennular flagellum, lateral view G right antennular peduncle, dorsal view H scaphocerite, dorsal view
I first pleopods and petasma, lateral view.

occupies less than half of the flagellum; third article has 6 obtuse spinules
similar to fingers, and 1 procurved and robust projection (Fig. 1E, F); article 8
has a projection similar to a lobe in the inner lateral part of the article’s distal re-
gion (Fig. 1E). Antennal scale extending to the middle of the second antennular
peduncle article with small spine on the anterior external portion (Fig. 1A, H).
Mandible with biarticulated palp; first article of the palp 3x longer than the
second article (Fig. 2A); first maxilla without palp (Fig. 2B); second maxilla with
one single undivided lobe (Fig. 2C); first maxilliped without palp (Fig. 2D); second
maxilliped with 5 articles (Fig. 2E); third maxilliped exceeding half of the anten-
nal scale, without reaching the distal margin of the antennal scale (Fig. 2F).
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The first 3 pairs of pereiopods are elongated and have a small chela (Fig. 3A-
C). Fourth and fifth pereiopods were completely absent, except for a pair of pro-
tuberances (genital thighs) in males. The sixth segment of the pleon is longer
than the others (Fig. 1A). Slender pleopods, the hind ones, are a little stockier.
First pair with one single branch, with sexual appendages in males (Fig. 3D) - the
remainder has two appendages (Fig. 3E—H). Pleopods with a row of spines on
the basal articles of the endopods and exopods. PL2 with 5 spines on the outer
margin of the endopod basal joint and 5 spines on the inner margin of the exo-
pod basal joint (Fig. 3E); PL3 with 12 spines on the outer margin of the endopod
and with 5 ones on the outer margin of the exopod (Fig. 3F); PL4 with 7 spines
on the external margin of the endopod (Fig. 3G) and PL5 with 8 spines on the
external margin of the endopod (Fig. 3H). Telson shorter than the anterior seg-
ment, long triangularly truncated at the tip (Fig. 31). Uropods significantly longer
than the telson, external branch much longer than the internal one, with a thin
tooth on the external edge closer to the tip (Fig. 3I). The uropod exopod is 4.5
times longer than it is wide; a small spine on the outer margin in the 1/3 portion
separates the ciliated portion from the non-ciliated portion (Fig. 31). Telson apex
is truncated; lateral margins are often curved inwards and form two short teeth
between which the slightly convex posterior margin is found; there are 4 bristles
between the terminal teeth, the two median ones are larger than the outer teeth,
and two equal-sized bristles are external to the terminal teeth (Fig. 3J).

Males. Acetes maratayama sp. nov. is very similar to the other two described
Atlantic species (A. a. americanus and A. a. carolinae), except for its different
petasma and female genital sternite. Petasma pars externa in A. maratayama
sp. nov. does not reach the base of the capitulum (Fig. 4B); the pars externa
extends above the base of the capitulum in A. a. carolinae (Fig. 4C). On the
other hand, it extends far beyond the capitulum base and reaches the middle
portion of it in A. americanus (Fig. 4A). Pars externa insertion in A. maratayama
sp. nov. is located in the middle section of the pars media (Fig. 4B, black arrow),
similar to A. a. carolinae (Fig. 4C, black arrow). However, pars externa insertion
in A. americanus is located close to the capitulum base (Fig. 4A, black arrow).

Female. The concave anterior margin of the genital sternite forms a very
deep arch (Fig. 4E, red arrow) in comparison to A. americanus (Fig. 4D, red
arrow), which has a shallow-arched concavity. The free sublateral projections
by the margin’s sides are enclosed and taper to a defined point, besides being
slightly curved. Acetes a. carolinae shape is similar to that of A. maratayama sp.
nov.; however, the concavity of the genital sternite is not as deep, and the arch
region is straight (Fig. 4F, red arrow). The thigh of the third pair of pereopods
of A. maratayama sp. nov. accounts for most of the inner margin convex and
presents a small indentation (Fig. 4E, black arrow). No tooth was found in its
distal end. However, a large, oblong, acute process projects downwards the
lower side of each thigh, close to the inner margin, and far forward and some-
what outward. Acetes a. americanus did not have an indentation (Fig. 4D, black
arrow) and A. a. carolinae had a small projection (Fig. 4F, black arrow).

Habitat. The species was collected by trawling in shallow waters in depths
between 5 and 30 m. The bottom sediment type at the locality comprises
medium and fine sand and has a salinity close to 26—28 ppt. It is considered
the mesohaline area of the estuary (see Garcia et al. 2018 for environmental
characterization of the Cananéia region’s bottom area).
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Figure 2. Acetes maratayama sp. nov., male paratype, Brazil, Sdo Paulo, Cananéia (CCDB 7958) A right and left mandible,
lateral view B first maxilla, dorsal view C second maxilla, dorsal view D first maxilliped, dorsal view E second maxilliped,
lateral view F third maxilliped, lateral view.

Coloration in life. Translucent like other species.

Type locality. Brazil, Sdo Paulo, Cananéia (24°59'55"S, 47°53'49"W).

Distribution. Brazil, Sdo Paulo, Cananéia (24°59'55"S, 47°53'49"W) and Rio
de Janeiro, Macaé (22°22'13.65"S, 41°39'9.42"W).

Etymology. The new species is named after the type locality, Cananéia,
southern Sdo Paulo state, Brazil. Maratayama is the old name of Cananéia
recorded in the navigation log of the expedition from Portugal that arrived
in the region in 1531. From the Tupi-Guarani language, Maratayama means
a place where the land meets the sea or land of the sea (Mara = sea and
Tayama = land).

Genetic sequences. The previous genetic characterization and gener-
ated sequences obtained by Simdes et al. [2023 - as “Acetes americanus
(Brazil 2)" - https://peerj.com/articles/14751/#supplemental-information] are
updated and should be referred to as Acetes maratayama sp. nov. The data, i.e.,
gene marker, geographic region, voucher catalogue collection and sequence
accession number (GenBank), are: 16S Ribosomal RNA (16S) — Macaé/RJ:
CCLC 0261 (OP035684 to OP035686), CCLC 0267 (OP035697); Cananéia/SP:
CCLC 0262 (OP035687), CCDB 3251 (OP035688, OP035698 to OP035700);
cytochrome ¢ oxidase subunit | (COl) — Macaé/RJ: CCLC 0255 (OP060472),
CCLC 0261 (OP060504 to OP060507), CCLC 0267 (OP060521 to OP060523);
Cananéia/SP: CCLC 0262 (OP060508), CCDB 3251 (OP060509, OP060524 to
0P060528). Some of these sequences were herein used to prepare the phylo-
genetic tree (Suppl. material 1).
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Figure 3. Acetes maratayama sp. nov., male paratype, Brazil, Sdo Paulo, Cananéia (CCDB 7958) A first pereiopod, lateral
view B second pereiopod, lateral view C third pereiopod, lateral view D first pleopod with petasma, lateral view E second
pleopod, lateral view F third pleopod, lateral view G fourth pleopod, lateral view H fifth pleopod, lateral view | uropod and
telson, dorsal view J apex of telson, dorsal view.

Genetic distance. 16SrRNA gene: Intraspecific distances ranged from 0%
(A. americanus, A. maratayama sp. nov. and A. carolinae) to 0.21% (A. paraguay-
ensis) (Table 1). Interspecific distances between congeneric species ranged
from 1.49 to 8.53% (Table 1). Regarding A. maratayama sp. nov., the smallest
genetic distance observed was 0.85% with A. carolinae, 1.49% with A. ameri-
canus and the highest was 8.53% with A. paraguayensis (Table 1).

COI gene: Intraspecific distances ranged from 0 to 0.19% (A. americanus
and A. carolinae), from 0 to 0.38 (A. maratayama sp. nov.), and from 0.57%
(A. paraguayensis) (Table 2). Interspecific distances between congeneric spe-
cies ranged from 4.78 to 19.89% (Table 2). Regarding A. maratayama sp. nov.,
the smallest genetic distance observed was with A. americanus (6.12-6.50%),
followed by A. carolinae (7.65-8.63%), and the largest was with A. paraguayensis
(19.50-19.89%) (Table 2).

Phylogenetic analyses. The phylogenetic tree based on concatenated data
(16S rRNA and COl) generated a similar topology found by Simdes et al. (2023),
with high support values. Two distinct clades were observed, one formed by
A. americanus and A. carolinae and the sister clade formed by A. maratayama
sp. nov. (Fig. 5)

Remarks. Acetes maratayama sp. nov. is closely related to A. americanus and
A. a. carolinae, and it presents small morphological differences, mainly in repro-
ductive structures. Furthermore, A. maratayama sp. nov. has 10 articles in the
antennular flagellum, whereas A. a. carolinae has 9 articles, A. binghami Burken-
road, 1934a has 7 articles and A. intermedius Omori, 1975 has 13-14 articles.

ZooKeys 1211: 193-209 (2024), DOI: 10.3897/z0okeys.1211.128059 200



Gabriel L. Bochini et al.: New species of marine shrimp Acetes

E
!

500 pm

500 pm

Figure 4. Acetes americanus A, D, male and female, Brazil, Rio de Janeiro, Macaé (CCDB 7626); A. maratayama sp. nov.
B, E, male and female holotype, Brazil, Sdo Paulo, Cananéia (CCDB 7957); A. carolinae C, F, male and female, United
States, Gulf of Mexico, Louisiana (ULLZ 3274) A petasma lateral view, and D genital sternite ventral view B petasma lat-
eral view, and E genital sternite, ventral view C petasma lateral view, and F genital sternite, ventral view. Cap, capitulum;
PE, pars externa; PM, pars media. In males, black arrows indicate the insertion of the pars externa into the pars media

of the petasma. In females, black arrows indicate the inner margin of the thigh of the third pair of pereiopods, and red
arrows indicate the curvature of the genital sternite.

Table 1. Genetic distance values for the 16S rRNA gene between Acetes species distrib-
uted in the southwest Atlantic. The comparison is made between the same individuals

used to build the phylogenetic trees, and the results show the minimum and maximum
genetic differences recorded intra and interspecific.

Species 1 2 3 4
1 | A americanus 0%
2 | A carolinae 1.92% 0%
3 | A. maratayama 1.49% 0.85% 0%
4 | A. paraguayensis 8.32-8.53% 7.89-8.10% | 8.32%-8.53% 0.21%
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Table 2. Genetic distance values for the COI gene between Acetes species distributed in
the southwest Atlantic. The comparison is made between the same individuals used to
build the phylogenetic trees, and the results show the minimum and maximum genetic
differences recorded intra and interspecific.

Species 1 2 3 4
1 | A. americanus 0-0.19%
2 | A carolinae 4.78-5.16% 0-0.19%
3 | A maratayama 6.12-6.50% 7.65-8.63% 0-0.38%
4 | A paraguayensis 19.31-19.89% | 19.31-19.89% ' 19.50-19.89% 0.57%

Acetes maratayama sp. nov. is easily distinguishable from A. binghami, since
the rostrum in this species does not have denticles behind the terminal tip,
whereas the rostrum in A. paraguayensis has a strong tooth. There is a rudi-
mentary denticle or hair minus one angular bend between this tooth and the
end of the rostrum. The first article of the palp is 3 times longer than the second
article. It is 5 times longer in A. binghami. The first article of the palp in A. inter-
medius is 2 times longer than the second article.

Historically, Burkenroad (1934b) recognized four A. americanus subspecies:
A. americanus carolinae (type locality: Beaufort Inlet, North Carolina, USA), A. a.
louisianensis (type locality: Louisiana coast, from the Mississippi River West to
Timbalier Island, Gulf of Mexico, USA), A. a. limonensis (type locality: Sweetwater
River mouth, Limon Bay, Panama) and A. a. americanus (type locality: mouth of
Tocantins River). However, A. a. louisianensis was synonymized with A. a. caro-
linae and A. a. limonensis was synonymized with A. a. americanus (DecaNet 2024).
Holthuis (1948) states that subspecies A. a. louisianensis presents intermediate
characteristics of other subspecies in this genus. They are not considered valid
clinal variants. Burkenroad (1934b — Penaeidae from Louisiana, p. 132) states that:

“Although | do not consider the differences here pointed out sufficiently cer-
tain or significant to require taxonomic recognition, if direct comparisons prove
this to be desirable, | would suggest for Material from Louisiana with the subspe-
cific name Acetes carolinae louisianensis.”.

This author also added important notes to Hansen’s (1919) description of
A. carolinae (pp. 130-132).

Thus, several records show the geographic disjunction between the Gulf of
Mexico and Panama and the well-documented vicariance processes in this
region, which point out speciation between these regions and Western United
States Atlantic (Coates and Obando 1996; Allmon 2001; Harrison 2004; Man-
telatto et al. 2023). We are still not fully convinced that A. a. louisianensis is
synonymous with A. a. carolinae. Therefore, more robust morphological anal-
yses associated with molecular analyses must be carried out to help better
understand these entities.

Individuals from the Western Atlantic (North Carolina - NC) were not includ-
ed in the molecular analyses carried out by Simdes et al. (2023), since they
focused on species distributed within Brazil. It means that doubts about A. a.
carolinae remain unresolved. Unfortunately, we did not have the opportunity
to morphologically analyze the specimens (Fig. 6) identified as the cotype of
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Figure 5. Pylogenetic reconstruction of Acetes based on concatenated markers 16S rRNA and COI. Phylogenetic tree of
Bayesian inference for the Acetes species data with Bayesian posterior probabilities indicated (only posterior probabili-
ties > 50% are shown).

A. a. carolinae, from USNM (74550). There is only one sequence (histone 3
gene) of A. a. carolinae from the North Carolina locality deposited in GenBank
(KX216649) compared to our newly generated sequences of nuclear gene,
histone 3 (H3), for individuals from Louisiana and Mississippi regions (ULLZ
14545 - Genbank PP816024, PP816025, PP816026). However, this gene's
DNA fragment (very conserved region) is not informative enough to identify
congeneric species. Simdes et al. (2023) recovered the lineage identified as
“A. americanus (USA)", which is formed by individuals from Louisiana and Mis-
sissippi, USA. Thus, doubts are raised about the likely validity/resurrection of
subspecies A. a. louisianensis, which is strongly supported by the type locality
being in the Gulf of Mexico. Further molecular analyses using other genes are
necessary to elucidate the taxonomic status of Acetes species located in the
Gulf of Mexico region and in North Carolina, named A. a. carolinae.

It is also important to recall that Hansen (1919) described Acetes brasiliensis
(p. 45-46, figs 1-7) collected from the Amazon River estuary. He mentioned
the similarity to A. americanus, as described by Ortmann (1893), for collections
from the mouth of Tocantins River, Brazil (Foz do rio Para), which is very close to
Amazon River. Despite a general description and undetailed figures, he empha-
sized that A. brasiliensis presented two features (length of third joint of the an-
tennule and exopod of the uropod) making it impossible to refer A. brasiliensis
to the species established by Ortmann. Burkenroad (1934b, p. 130), stated that:

“The characters by which Hansen has distinguished A. brasiliensis from
A. americanus seem of very uncertain importance. The differences in length of
the ciliated part of the external margin of the exopod of the uropod, as those in
other characters not mentioned by Hansen, are perhaps attributable to the obvi-
ous inaccuracy of Ortmann’s figure. That Ortmann failed to notice the elongation
of the third segment of the antennular peduncle of the male of his species is no
more astonishing than that Kishinouye failed to do so for A. japonicus, as Kemp
has shown to be the fact.”.
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Figure 6. Acetes a. carolinae — type material of the original description by Hansen
(1919) deposited at National Museum of Natural History, Smithsonian Institution, Unit-

ed States (USNM), Washington D.C., USA (USNM 74550). Photo credit: Kareen Reed and
Sabrina Simdes.
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Figure 7. Acetes brasiliensis - Type material of the original description by Hansen (1919)
deposited at Natural History Museum of Denmark - University of Copenhagen (NHMD
83728). The number ZMUC-CRU-5884 on the label is the old museum catalogue num-
ber. Photos credit: Jgrgen Olesen.
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We had access (by photos) to the material (one male and one female
- Fig. 7) used by Hansen to describe A. brasiliensis, due to the great help
from Dr Jgrgen Olesen (curator). They are deposited at the Natural His-
tory Museum of Denmark - University of Copenhagen (NHMD 83728). We
agree with Burkenroad's assertion and suggestion that A. brasiliensis is
more likely synonymous with A. americanus after carefully analyzing the
main characters.

Conclusions

Acetes species from the Western Atlantic are morphologically similar to
each other. When we integrated more robust morphological analyses, look-
ing in greater detail at the petasma and genital sternite, into the previous
multigene molecular analysis of Simdes et al. (2023), we found significant
differences and described a new species, Acetes maratayama sp. nov. There
is still taxonomic uncertainty regarding the specimens under the names A.
a. carolinae and probably also regarding the synonymized A. a. louisianen-
sis. At present, and pending future research, the name Acetes maratayama
sp. nov. should be adopted for Macaé City, Rio de Janeiro State, and for
Cananéia City, Sdo Paulo State, Brazil. Acetes americanus should be adopt-
ed for Brazil (Northeastern Region: Rio Grande do Norte, Alagoas, Sergipe;
Southeastern region: Espirito Santo, Rio de Janeiro, Sdo Paulo; Southern
region: Santa Catarina). Acetes a. carolinae is still unresolved and it most
likely refers to specimens from the Western Atlantic, from North and South
Carolina, given the doubts about specimens from the Gulf of Mexico and
nearby areas.

Key for American species of Acetes

1 Rostrum without dorsal teeth........... Acetes binghami Burkenroad, 1934a
—  Rostrum with one to two dorsal teeth...............ccoooiioiiiiiiic, 2
2 Rostrum with two dorsal teeth ...................... Acetes marinus Omori, 1975
—  Rostrum with a single dorsal tooth ..............c.ccoiiiiiiiii, 3

3 In males, the insertion of the pars externa is located near the base of the
capitulum; the pars externa extends far beyond the base of the capitulum
and reaches its middle portion. In females, the genital sternite has con-
cavity’s anterior margin forming a very shallow arch .............cccccecvevveinnnn.
............................................................... Acetes americanus Ortmann, 1893

— In males, the insertion of the pars externa is located in the middle section
of the pars media. In females, the genital sternite has concavity’s anterior
margin forming a very deep arch .........ccocoiriiiiieinieee e 4

4 Inmales, petasma pars externa does not reach the base of the capitulum.
In females, the genital sternite with the free sublateral projections by the
margin’s sides are enclosed and taper to a defined point, besides being
slightly curved.........cooooeeviiiiieiee Acetes maratayama sp. nov.

- Inmales, petasma pars externa extends above the base of the capitulum.
In females, the concavity of the genital sternite is not so deep and the arch
region is straight...........cccccoeviviiiieiien Acetes carolinae Hansen, 1933
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Abstract

A new species of the genus Acrossus Mulsant, 1842, Acrossus baei sp. nov. from South
Korea, is described and illustrated on the basis of morphology and mitochondrial CO/
sequences. The species was compared with four related species; Acrossus atratus
(Waterhouse, 1875), A. humerospinosus (Petrovitz, 1958), A. luridus (Fabricius, 1775),
and A. superatratus (Nomura & Nakane, 1951). The taxonomic status and diagnostic
characters of the new species are discussed. A key to species of the genus Acrossus in
the Korean Peninsula is given.

Key words: Coleoptera, DNA barcode, Korean fauna, small dung beetles, taxonomy

Introduction

Acrossus Mulsant, 1842 is a species-rich genus with 43 species known to
date, one of which has two subspecies. Most of Acrossus species were
originally described in the genus Aphodius Hellwig, 1798, where they have
sometimes been placed in the subgenus Acrossus. Dellacasa et al. (2016)
elevated the rank of Acrossus from subgenus to genus. The genus includes
medium-sized to large species found mainly in the Palearctic and Oriental
regions. One species is known from North America, and one from the Afro-
tropical region (Dellacasa et al. 2016). Most species of this genus have a
very distinctive feature: an anteriorly rounded or truncate clypeus, and, for
this reason, in the past many species now belonging to other genera (such
as Paracrossidius Balthasar, 1932 or Odontacrossus Dellacasa G., Krél, Del-
lacasa M. & Bordat, 2014) were erroneously placed here in Acrossus. Some
species (e.g. A. devabhumi (Mittal, 1993)) still have a questionable position
within the genus. In the last 20 years, only two species have been newly de-
scribed in the genus: A. byki Minkina, 2018 and A. jeloneki Minkina, 2018. The
genus Acrossus still needs research due to the unsatisfactory level of knowl-
edge of its species diversity.

The first author, during his study of the Aphodiinae from South Korea, found
several specimens of Acrossus he could not identify with available literature
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and which, after careful examination, proved to be an undescribed species.
Here, we describe it as Acrossus baei sp. nov. based on a morphological com-
parison with the most similar species (A. atratus (Waterhouse, 1875), A. humer-
ospinosus (Petrovitz, 1958), A. luridus (Fabricius, 1775), and A. superatratus
(Nomura & Nakane, 1951)) and a phylogenetic analysis of COI gene sequences.
A key to the genus Acrossus in the Korean Peninsula is also provided.

Material and methods
Specimen sampling and examination

Adult dung beetles were collected using bait-traps with various animal feces
or a flight interception trap (FIT). The specimens were observed with a Nikon
SMZ-U stereomicroscope. The photos were taken by a Canon EOS 5D Mark llI
camera equipped with a Canon MP-E 65 mm macro lens (Tokyo, Japan). Pho-
tographs were combined in Helicon Focus 7 and Adobe Photoshop Elements
2018 software. For morphological terms used in the description of species, we
follow Dellacasa et al. (2001) and Dellacasa et al. (2010). The type series of
the new species are indicated by a red, printed label bearing the status of the
specimen, sex, name, authorship, and the year and month of the designation.
The type series and examined specimens are a part of following collections:

KUEM Korea University Entomological Museum (South Korea)

NIBR  National Institute of Biological Resources (South Korea)

SEHU Hokkaido University Museum (Japan)

ABCP  Axel Bellmann, private collection (Germany)

ISEA  tukasz Minkina and Zdzistawa Stebnicka collection deposited in In-
stitute of Systematics and Evolution of Animals Polish Academy of
Sciences in Krakéw (Poland)

Phylogenetic analysis

Total genomic DNA was extracted from the leg tissues of beetles using DNeasy
Blood & Tissue Kit (Qiagen, Hilden, Germany) according to the manufacturer's
instruction. COl sequences were amplified using a primer set C1-J-2183 (5'
CAACATTTATTTTGATTT TTT GG 3') and TL2-N-3014 (5' TCC AAT GCA CTA
ATC TGC CAT ATT A 3') (Simon et al. 1994) with AccuPower® PCR PreMix (Bi-
oneer, Daejeon, South Korea). A new primer set Acr-L1 (5' GCC GGG ATA CCT
CGA CGA TAC T 3') and Acr-R1 (5' TGC TCT GCA GGA GGC ATT TGT 3') was
specifically designed to amplify sequences for old museum specimens. The
polymerase chain reactions (PCR) were performed following condition: an ini-
tial denaturation for 3 min at 94 °C; followed by 36 cycles of denaturation for
30 sec at 94 °C, annealing for 30 sec at 48-50 °C and extension for 90 sec
at 72 °C; and a final extension for 5 min at 72 °C. The quality of PCR ampli-
fication was verified by running the PCR products on 1.5% agarose gel elec-
trophoresis. The verified PCR products were purified using Exonuclease | and
Shrimp Alkaline Phosphatase (New England BioLabs, Ipswich, MA, USA) and
then sequenced by Macrogen INC (South Korea) on an ABI Prism® 3130 Ge-
netic Analyzer (Applied Biosystems, Foster City, CA, USA) following a standard
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sequencing protocol. Sequences were aligned using the ClustalW algorithm in
MEGA v. 10.2.6 (Kumar et al. 2018) and subsequently submitted to GenBank
(accession numbers OR621067-0R621075, PP933827-PP933829). In total,
754 bp were obtained for the phylogenetic analysis, except for A. atratus and
A. humerospinosus, which only had 220 bp available. The partial deletion meth-
od was adopted for these species in the subsequent analysis. This method
allows us to retain the informative sites within the remaining 534 bp, thereby
minimizing the impact of missing data on the accuracy and robustness of the
phylogenetic analysis (Nei and Kumar 2000).

A total of 19 COI sequences were used for the phylogenetic analysis. These
sequences included 12 newly obtained sequences of A. baei sp. nov. (sev-
en sequences), A. superatratus (two sequences), A. atratus (two sequences)
and A. humerospinosus (one sequence) as well as six GenBank sequences
(AY132409, AY132509-AY132511, MH020527, MT872705) representing four
Acrossus species (A. depressus, A. luridus, A. carpetanus, and A. rufipes). Nim-
bus affinis (Panzer, 1823) (AY132590) was included as the outgroup, follow-
ing the phylogenetic relationships proposed by Cabrero-Safiudo and Zardoya
(2004). The genetic divergence of the sequences was estimated as p-distance
in MEGA v. 10.2.6. Maximum-likelihood (ML) and neighbor-joining (NJ) anal-
yses were performed for the phylogenetic reconstruction. The GTR + | mod-
el was selected by the best evolutionary substitution model by jModelTest v.
2.1.7 (Darriba et al. 2012) based on Akaike information criterion (AlCc). ML and
NJ were performed using IQ-TREE webserver (Trifinopoulos et al. 2016) and
MEGA, respectively, with 1000 bootstrap replicates.

Taxonomy

Acrossus baei sp. nov.
https://zoobank.org/3171E85C-856D-4BE3-A5C1-B217E35ED539
Figs 1-3,17,22,23,32,37,42,47,52, 57

Korean name: 2HvH#3%td ©] (San-ma-ru-ddong-pung-deng-i)

Diagnosis. The new species can be classified as Acrossus (following Dellaca-
sa et al. 2001) due to: body moderately convex; head wide, eyes small, frontal
suture not tuberculate; pronotum basally and laterally not serrulate, with sides
always visible from above, basally and anteriorly not bordered, with posterior
angles weakly obtuse-angled, with sides glabrous; scutellum small, triangular,
flat, wider than two first intervals; elytra with ten distinct, impressed striae, part
of them joined together before apex, humeral denticles small but distinct, in-
tervals with distinct macrosetation; abdominal ventrites not fused each other;
meso- and metatibiae apically fimbriate with spinules of unequal length .

The new species can be distinguished from all other known Acrossus spe-
cies by the combination of the following features: moderately large body length
(6.0-7.4 mm); body blackish, elytra rarely with orange spots before apex (last
colour form is quite unique in the genus); head large, clypeus weakly sinuate
anteriorly (only A. humerospinosus (Petrovitz, 1958) have that feature); prono-
tum wider than base of elytra; punctation of pronotum double, dense, coarser
punctures with at about three times larger diameter than smaller ones (there
is not to many species with so coarse and dense punctation of pronotum);
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Figures 1-3. Acrossus baei sp. nov., &, holotype 1 dorsal view 2 ventral view 3 lateral view. Scale bars: 1.0 mm.

humeral denticles small but distinct (this feature helps to distinguish it from
somewhat similar species: A. atratus and A. luridus); whole elytra with distinct,
long macrosetation (there is no other species with so long, distinct macroseta-
tion on whole elytral surface), intervals with very dense and coarse punctation
(unique feature); elytra before apex with distinct microreticulation, matt; male’s
apical spur of protibiae distinctly inwardly hooked (however hook is better vis-
ible from bottom side, and in old specimens it can be wiped out, then apex of
apical spur looks for widely rounded, but still inwardly curved); with two or three
small teeth between first and second teeth of protibiae and three to five small
teeth between second and third teeth of protibiae (this feature help to distin-
guish it from somewhat similar species: A. atratus and A. luridus). Aedeagus
at apex with small membranous process visible only in lateral view. For more
details and links to the photographs see Table 1 and Discussion.

Type locality. South Korea, Gangwon-do, Pyeongchang-gun, Jinbu-myeon,
Mountain Odaesan.

Type materials. Holotype: SOUTH KOREA * ; Gangwon-do, Pyeongchang-gun,
Jinbu-myeon, Mt. Odaesan; 37°47.23'N, 128°33.91'E; alt. 1000 m; 18 Apr.—
01 May 2020; C. Lim leg.; KUEM.
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Table 1. Differential characteristics of Acrossus species potentially confused with A. baei sp. nov.

Feature / species

Colour of elytra

Convexity of body

Anterior part of
clypeus

Punctation of clypeus

Apical spur of
protibiae in male

Number of small
teeth between first
and second teeth and
between second and
third teeth

Sides of pronotum

Punctation of elytra

Humeral denticles on
elytra

Macrosetation of
elytra

Apex of elytra

Shape of metatibial
claws

Shape of epitorma
with amount of
angustofenestrae
(celtes) on top

Shape of aedeagus

Distribution

Acrossus baei sp. nov.

Blackish, sometimes
with orange-brownish
spots before apex
(Figs 1,57)
Relatively least convex
(Fig. 3)

Weakly sinuate (Fig. 17)

Very dense, punctation
double (Fig. 17)
Distinctly inwardly
hooked before apex;
when visible from above
situated on inner side of
protibiae, when visible
anteriorly seems to be
rounded at apex; in old
specimens its visible
only as elongate, weakly
inwardly curved spur
with widely rounded
apex (Fig. 37)

2-3/3-5(Fig. 37)

Widely rounded (Fig. 1)
Very dense, distinctly
coarse (Fig. 47)
Small but distinct
(Fig. 1)

Long macrosetae on
whole surface of elytra
except disc, where
are slightly shorter
(Figs 1, 42)

With relatively low
preapical declivity (Fig.
3), with very distinct
microreticulation (see
left elytron), matt
(compare with right
elytron) (Fig. 42)
Moderately large, fourth
metatarsomer more
than two times long as
their claw (Fig. 52)
Epitorma elongate,
thin, fully developed; 3
angustfenestrae on top
(Fig. 32)

At apex, on sides with
very weak membranous
process visible only in
lateral view (Figs 22, 23)

South Korea

Acrossus atratus
(Waterhouse, 1875)

Blackish (Fig. 5)

Distinctly convex (Fig. 7)
Truncate (Fig. 18)

Very dense, punctation
double (Fig. 18)

Distinctly inwardly
hooked before apex;
when visible from above
situated on inner side of
protibiae, when visible
anteriorly seems to be
rounded at apex; in old
specimens its visible
only as elongate, weakly
inwardly curved spur
with widely rounded
apex (Fig. 38)

1-2/1-2 (Fig. 38)

Truncate (Fig. 5)

Very dense, moderately
coarse (Fig. 48)

Absent (Fig. 5)

Long macrosetae on
whole surface of elytra
except disc, where
usually are distinctly
shorter (Figs 5, 43)

With relatively high
preapical declivity
(Fig. 7), with relatively
weak microreticulation
(see left elytron), shiny
(compare with right
elytron) (Fig. 43)
Small, fourth
metatarsomer nearly
three times long as their
claw (Fig. 53)
Epitorma elongate,
relatively wide,
shortened to 3/4 of
length; 1 angustfenestra
near top (Fig. 33)

At apex, on sides
with very distinct,
weakly sclerotized
membranous process
visible from above
(Figs 24, 25)
Japan
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Acrossus
humerospinosus
(Petrovitz, 1958)

Blackish, very rarely
basal half of elytra
yellowish-brown (Fig. 8)

Distinctly convex
(Fig. 10)
Weakly sinuate (Fig. 19)

Very dense, punctation
simple (Fig. 19)
When visible from
above situated on upper
side of protibiae and
visible as acute at apex;
when visible anteriorly
distinctly acute at apex;
in old specimens its
visible as elongate,
outwardly curved spur,
still acute at apex
(Fig. 39)

1-3/2-5 (Fig. 39)

Widely rounded (Fig. 8)

Very dense, moderately
coarse (Fig. 49)

Large, distinct (Fig. 8)

Long macrosetae
only on sides and
before apex; very
short macrosetae on
whole surface of elytra
(Figs 8, 44)
With relatively high
preapical declivity
(Fig. 10), without
microreticulation (see
left elytron), shiny
(compare with right
elytron) (Fig. 44)
Moderately large, fourth
metatarsomer more
than two times long as
their claw (Fig. 54)
Epitorma elongate,
relatively wide,
shortened to
7/8 of length; 3
angustofenestrae near
top (Fig. 34)
At apex, on sides with
distinct membranous
process visible from
above (Figs 26, 27)

China (Sichuan)

Acrossus luridus
(Fabricius, 1775)

Very variable: from
blackish with a lot of
yellowish strips to totally
blackish (Fig. 11)
Relatively less distinctly
convex (Fig. 13)

Truncate (Fig. 20)

Dense, punctation
simple (Fig. 20)
Distinctly downwardly
directed, weakly
inwardly hooked before

Acrossus superatratus
(Nomura & Nakane, 1951)

Blackish (Fig. 14)

Distinctly convex (Fig. 16)

Truncate, sometimes
weakly sinuate (Fig. 21)
Very dense, punctation

double (Fig. 21)
When visible from above
situated on upper side of

protibiae, and visible as

apex; when visible from | acute at apex; when visible

above situated on inner
side of protibiae, when
visible anteriorly seems
to be rounded at apex;
in old specimens its

visible only as elongate,
still distinctly inwardly
curved spur with widely
rounded apex (Fig. 40)

0/0 (Fig. 40)

Widely rounded (Fig. 11)

Very dense, moderately
coarse (Fig. 50)

Absent (Fig. 11)

Long macrosetae only
on sides and before
apex; microsetae (visible
at 200x magnification
nearly on whole surface
of elytra) (Figs 11, 45)
With relatively low
preapical declivity
(Fig. 13), with distinct
microreticulation (see
left elytron), matt,
(compare with right
elytron) (Fig. 45)
Large, fourth
metatarsomer less than
two times longer as their
claw (Fig. 55)
Lack of epitorma;

1 angustofenestra
at apex of row with
angustofenestrae
(Fig. 35)

At apex without any
membranous process
(Figs 28,29)

Europe, North Africa
(Morocco), Kazakhstan,
Kyrgyzstan, Russia
(West Siberia),
China (Xinjiang)

anteriorly distinctly acute
at apex; in old specimens
its visible as elongate,
weakly outwardly curved
spur, still acute at apex
(Fig. 41)

2-3/3-5 (Fig. 41)

Widely rounded (Fig. 14)
Very dense, moderately
coarse (Fig. 51)
Small but distinct (Fig. 14)

Long macrosetae on
whole surface of elytra
except disc, where usually
are distinctly shorter
(Figs 14, 46)

With moderately high
preapical declivity
(Fig. 16), with weak
microreticulation (see left
elytron), matt (compare
with right elytron) (Fig. 46)

Small, fourth
metatarsomer nearly three
times long as their claw
(Fig. 56)
Epitorma elongate,
thin, fully developed; 2
angustfenestrae on top
(Fig. 36)

At apex, on sides with

distinct membranous
process visible from
above (Figs 30, 31)

Russia (East Siberia and
Far East), Japan, North
Korea, South Korea
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Paratypes (10 spm.): SOUTH KOREA * 5 spm.; same data as holotype; 2 &, ¢
ISEA; JABCP; & NIBR + 2 4, Q; Gangwon-do, Hongcheon-gun, Nae-myeon, Mt.
Gyebangsan; 37°44.78'N, 128°25.68'E; alt. 830 m; 30 Apr. 2020; C. Lim leg.; Gen-
Bank: OR621067, OR621069-0R621070; CSL-21-0013-CSL-21-0015; KUEM
+ Q; Gangwon-do, Hongcheon-gun, Nae-myeon, Mt. Gyebangsan; 37°44.78'N,
128°25.68'E; alt. 830 m; 30 Apr. 2020; C. Lim leg.; KUEM * @; Gyeongsangbuk-do,
Youngju-si, Punggi-eup, Mt. Sobaeksan; 36°56.23'N, 128°27.6'E; alt. 856 m; 05
May 2019; C. Lim leg.; KUEM.

Additional materials. SouTH KOREA * &, 2 Q; Jeju-do, Seogwipo-si, Jung-
mun-dong, Youngsil trail; 33°20.2'N, 126°28.1'E; 17-27 Mar. 2021; C. Lim, J.
Kim, J.M. Hwang, D. Lee legs.; GenBank: OR621071-0R621073; CSL-21-0083—
CSL-21-0085; KUEM - Q; Jeju-si, Nohyung-dong; 33°25.19.1'N, 126°29.31.6'E;
06 Jun. 2019; C. Lim leg.; GenBank: OR621068; CSL-21-0071; KUEM.

Description. Dorsum (Fig. 1). Moderately large species, relatively small as a
member of the genus, body length of the holotype 6.7 mm; elongate-oval, shiny,
blackish; antennae, tarsomeres, and mouth parts reddish brown.

Head (Fig. 17) large, distinctly widely trapezoidal, convex, shiny, without mi-
croreticulation. Clypeus distinctly bordered, weakly sinuate anteriorly, widely
rounded laterally, not notched before genae, clypeal border without macrose-
tae. Genae acute-angled, very distinctly exceeding eyes, with few relatively
short, thin macrosetae in basal part. Frontal suture not marked, but visible as
surface without punctation, without gibbosities, epistoma without gibbosity.
Punctation double, but both kinds of punctation not so clearly distinguishable
due diameter of larger punctures being only two times larger than smaller ones;
both kinds of punctation quite regularly, densely distributed; punctures some-
what variable in size; genae with much denser punctation.

Epipharynx (Fig. 32) transverse, with sides distinctly rounded, anterior mar-
gin of concavely arcuate, corypha not developed, zygum very narrow, with three
long, thick angusto-fenestrae at apex and three additional ones arranged as
row. Acanthopariae with dense, long, thin chaetae; acropariae with dense, short,
thinner chaetae than on acanthopariae; chaetopariae with dense belt of quite
thin, quite short chaetae; adelochaetae absent; prophobae with dense, short,
thin macrosetae; chaetopediae absent. Epitorma reduced to a small, narrow
triangle. Tormae relatively thin, long.

Pronotum transverse, somewhat wider than base of elytra, widest near base,
moderately convex, shiny, without microreticulation, with double punctation;
smaller punctures fine, with diameter about three times smaller than large
punctures, quite regularly distributed, dense; larger punctures coarse, dense,
not regularly distributed, much denser near base and on sides. Pronotum an-
teriorly and basally not bordered, distinctly bordered on sides. Borders with-
out macrosetae. Anterior angles widely rounded; posterior angles weakly ob-
tuse-angled, base before posterior angles truncate.

Scutellum small, triangular, with dense, irregularly sized punctation, moder-
ately shiny, with distinct microreticulation.

Elytra (Fig. 47) elongate-oval, convex, widely rounded, weakly shiny, with
weak microreticulation on disc, becoming much more distinct on sides and
apex, with small but distinct humeral denticles; with ten striae and ten intervals.
Striae distinctly, quite sparsely punctate with moderately large punctures; punc-
tures weakly but clearly indenting margins of intervals. First and tenth, third and
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fourth, fifth and sixth striae joined together before apex, sixth to eighth striae
shortened before base, eighth distinctly; ninth and tenth striae joined before
base. Intervals weakly shiny, very weakly convex, with irregularly distributed
simple moderately coarse punctation, this irregular in size. Almost all punc-
tures (on disc somewhat less frequently) bearing short, thin macrosetae.

Pygidium with similar sculpture as on abdominal ventrites.

Legs. Femora shiny, without microreticulation, quite finely and densely punc-
tate, with punctures bearing short macrosetae. Profemora basally and apically
with a belt of punctures bearing very long macrosetae; mesofemora basally
with a belt of punctures bearing very long macrosetae, metafemora with much
sparser than on mesofemora row of punctures bearing long macrosetae api-
cally. Protibiae (Fig. 37) distinctly tridentate laterally, proximally serrulate; addi-
tional few (2—-3) small teeth between first and second teeth, and additional few
(3-5) small teeth between second and third teeth; dorsal side smooth, shiny,
with a few fine punctures bearing short macrosetae; apical spur long, moder-
ately broad, straightforward, distinctly downwardly and inwardly hooked before
apex. Meso- and metatibiae with two distinct transverse carinae, fimbriate api-
cally with row of long spinules of unequal length. Metatibiae superior apical
spur very slightly longer than basimetatarsomere, latter distinctly longer than
3% of next metatarsomeres combined. Claws (Fig. 52) moderately long, mod-
erately thick, moderately arcuate.

Macropterous. Venter (Fig. 2). Meso-metaventral plate shiny, very slightly
concave, with indistinct, quite shallow longitudinal concavity in the middle and
weak longitudinal line in the middle; surface with variable in size, shallow, ir-
regularly spaced, not so dense punctation, bearing short, thin macrosetation.
Abdominal ventrites matte, with very distinct microreticulation, with quite
dense, fine punctures bearing moderately long, thin macrosetae; additional-
ly last abdominal ventrite, in the middle with row of punctures bearing very
long macrosetae.

Aedeagus (Figs 22, 23) with parameres slightly shorter than phallobase.
Parameres weakly but regularly downwardly bent; at apex, on sides with very
weak membranous process, additionally with few very thin and very short mac-
rosetae, which are directed inwardly and not visible due to the time when we try
to separate parameres.

Etymology. The species is named in honor of Dr Yeon Jae Bae who has con-
tributed to the conservation of dung beetles in South Korea.

Sexual dimorphism. Males with apical spur of anterior tibiae distinctly
downwardly and inwardly hooked before apex, meso-metaventral very slightly
concave. Females with apical spur acute at apex, meso-metaventral plate very
weakly convex.

Variability. Size from 6.0 to 7.5 mm. Elytra usually blackish, sometimes with
short, orange-brownish stripes before apex (Fig. 57). Punctation of head and
pronotum weakly variable. Connection between elytra striae of elytra some-
what variable.

Remark. We have decided that part of the material of A. baei sp. nov. should
be excluded from the type series. Based on a shortage of comparative material,
we cannot determine the exact range of inter-individual variability of the pop-
ulation from Jeju Island. Therefore, in our opinion, it is better to identify type
material from only one specific location (i.e. mainland South Korea)(Fig. 4).
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Figure 4. Phylogenetic tree based on 19 mitochondrial COI gene sequences of the eight Acrossus species and Nimbus
affinis (outgroup). Branch values indicate bootstrap support in maximum likelihood (ML) and neighbor joining (NJ), re-
spectively. Tree topology and branch lengths reflect the results of ML analysis. The tree is drawn to scale, with branch
lengths (evolutionary distance) measured in the number of substitutions per site. Dashes (=) indicate support values of

less than 50 or incongruent between ML and NJ.

Acrossus atratus (Waterhouse, 1875)
Figs 5-7, 18, 24, 25, 33, 38, 43, 48, 53

Materials. JAPAN * & (photographed); Saitama-ken, Asaka-shi, Adachi; 21 Apr.

1971; S. Nagao leg.; SEHU - 2

spm.; same data as photographed specimen;

SEHU - 2 spm.; same data as photographed specimen; GenBank: PP933827-
PP933828; CSL-21-0439-CSL-21-0440; SEHU « Q; Kumamoto-ken, Aso-gun,

Aso-shi, Mt. Oujou-dake; 26 Apr.

1999; S. Kawai leg.; ISEA.

Acrossus humerospinosus (Petrovitz, 1958)

Figs 8-10, 19, 26, 27, 34, 39, 44,

49, 54

Materials. CHINA « & (photographed); C Sichuan, Mt. Jinding; alt. 17500 m; 20 Jun.
2012; V. Patrikeev leg.; ISEA « 1 spm.; Yunnan, Baihanchwag, 50 km NW Lijiang;
alt. 2400 m; 05 Jun. 2006; Vladimir Major leg.; ISEA + 1 spm.; Yunnan, 25 km S

Zhonghian; alt. 3200 m; 14 Jun.

2006; Vladimir Major leg.; ISEA « 1 spm.; Sich-

uan, rd. Danba to Bomei, 35 km W Danba; alt. 2500—-2700 m.; Jun.—Jul. 2007;
Puchner leg.; ISEA « 1 spm.; C Sichuan, Maoxian env. Jinding Mt.; alt. 1600 m;
20 Jun. 2012; V. Patrikeev leg.; ISEA « 2 spm.; C Sichuan, Maoxian env. Jinding

Mt.; alt. 1500 m; 20 Jun. 2012;
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Figures 5-7. Acrossus atratus (Waterhouse, 1875), & 5 dorsal view 6 ventral view 7 lateral view. Scale bars: 1.0 mm.

Lijang pref., S. Yulongxue Shan Mts; alt. 3200 m.; 16 Jun. 2016; V. Patrikeev
leg.; ISEA; » 1 spm.; W. Sichuan, Mt. Yadling, W of Yading vill; alt. 3850-4650 m;
5-11 May 2012; D. Kral leg.; GenBank: PP933829; CSL-21-0459; KUEM.

Acrossus luridus (Fabricius, 1775)
Figs 11-13, 20, 28, 29, 35, 40, 45, 50, 55

Materials. HUNGARY - & (photographed); Csernely; 22 Apr. 2012; . Minkina leg.;
ISEA - 4 spm.; same data as photographed specimen; ISEA. Ukraine * 1 spm,;
ptw. Tarchankut; 45°25'N, 32°32'E; 03 May 2008; C. Nowak leg.; ISEA. BULGARIA
+ 2 spm.; Yasna Polyana; 08 May 2013; t. Minkina leg.; ISEA. Iran * 1 spm.;
Aarbaigan E, Sagri, 15 km W Nir; alt. 17750 m; 17 May 2002; P. Rapuzzi leg.; ISEA.
Georgia * 2 spm.; Kartli Gomi; 41.905334°N, 44.380755°E, alt. 570-790 m; 5-21
May 2019; J. Klasinski leg.; ISEA. TURKEY * 2 spm.; Antalia town, near Saklikent
village; alt. 200 m; 1-3 May 2019; V. Patrikeev leg.; ISEA.
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Figures 8—10. Acrossus humerospinosus (Petrovitz, 1958), &' 8 dorsal view 9 ventral view 10 lateral view. Scale bars: 1.0 mm.

Figures 11-13. Acrossus luridus (Fabricius, 1775), & 11 dorsal view 12 ventral view 13 lateral view. Scale bars: 1.0 mm.
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Acrossus superatratus (Nomura & Nakane, 1951)
Figs 14-16, 21, 30, 31, 36, 41, 46, 51, 56

Type materials. Holotype: JAPAN * &; Honshu, Ise, Buhei-toge; 01 Jun. 1947; S.
Osawa leg.; SEHU. Paratypes: 2 spm.; same data as holotype; SEHU.
Additional materials. Russia « & (photographed); Far East, Primorskiy reg.,
Murav'ev-Amurskiy pen., Artem town env., Ozernyi kluch riv.; 15 May-10 Jun.
2005; A. Plutenko leg.; ISEA. NORTH KOREA * 13 spm.; Hamgjong-punkto prov.,
Kvanmo-bong (Mt., 60) at human excrements; 23 May 1974; Z. Stebnicka leg.;
ISEA - 3 spm.; Ryanggang-do, Samjiyon; alt. 1000 m; 26 Jun. 1988; O. Merkl, Gy.
Szel legs.; NIBR. SOUTH KOREA * 1 spm.; Jeju-do, Jeju-si, Aewol-eup; 17 May.
1990; M.T. Ch(j6 leg.; NIBR * &; Gangwon-do, Hongchun-gun, Nae-myeon; 11
Jul. 1990; J.I. Kim leg.; NIBR * &; Yeongju-si, Mt. Sobaeksan, Huibanggyegok
val.; 36°56.14'N, 128°27.37'E; 05 May. 2019; C. Lim leg.; KUEM - J; Pyeong-
chang-gun, Jinbu-myeon, Dongsan-ri, Mt. Odaesan, 1-29 May. 2020; C. Lim
leg.; GenBank: OR621074; CSL-21-0429; KUEM + @; Seogwipo-si, Namwon-eup;
33°19.45'N, 126°36.22'E; 10 Jun. 2021; D.G. Kim leg.; GenBank: OR621075; CSL-
21-0431; KUEM. JAPAN * 1 spm.; Ueno-Mura, Jukkoku-tdge Pass; 26 May 2001;
S. Kawai leg.; ISEA « &; Kibune Yamashiro; May. 1948; K. Tsukamoto leg.; SEHU.

Figures 14-16. Acrossus superatratus (Nomura & Nakane, 1951), & 14 dorsal view 15 ventral view 16 lateral view.
Scale bars: 1.0 mm.
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Key to the species of Acrossus from the Korean Peninsula

1 Elytra with distinct macrosetation (usually visible on sides and before
apex at 50x Magnification) ...........ccocoevevveieiiiiecccecee e 2
- Elytra at most with indistinct macrosetation or glabrous (if visible, setation
can be observed only on sides and before apex at 200x magnification)... 3
2  Clypeus anteriorly weakly sinuate (Fig. 17). Apical spur of protibiae in
males inwardly hooked before apex (Fig. 37). Elytra with clear macrose-
tation on whole surface (Figs 1, 3, 42, 47). Elytra before apex with very
distinct microreticulation (Fig. 42). Punctation of body coarser .................
.................................................................................... Acrossus baei sp. nov.
- Clypeus anteriorly usually truncate, rarely weakly sinuate (Fig. 21). Apical
spur of protibiae in males acute at apex (Fig. 41). Elytra with clear mac-
rosetation on sides and before apex (Figs 14, 16, 46, 51). Elytra before
apex with weak microreticulation (Fig. 46). Punctation of body finer.........
....................................... Acrossus superatratus (Nomura & Nakane, 1951)
3  Body brownish. Body length <6.5 mm or >10.0 mm. Elytra glabrous........ 4
—  Body blackish, frequently with lighter elytra. Body length 6.5-10.5 mm.
Elytra with very short macrosetation before apex .........cccoocevvivieieieiennn. 5
4 Body oblong ovate, length less than 6.5 mm ...........cocooiiiiiiiiie
................................................................ Acrossus koreanensis (Kim, 1986)
—  Body elongate, length more than 10.0 MM.........ccoocoeiiieieieriiciceceeeeee,
................................................................ Acrossus rufipes (Linnaeus, 1758)
5  Body length 7.0-10.0 mm. Body more deplanate, wider. Apical spur of pro-
tibiae in males more downwardly directed. Humeral denticles indistinct. Ely-
tral intervals slightly more convex. Elytral punctation somewhat finer. Claws
of hind legs more curved...................... Acrossus binaevulus (Heyden, 1887)
—  Body length 6.0-9.5 mm. Body less deplanate, narrower. Apical spur
of protibiae in males less downwardly directed. Humeral denticles very
small, but distinct. Elytral intervals slightly less convex. Elytral punctation
somewhat coarser. Claws of hind legs less curved..........ccccccooeveierenennn.
.......................................................... Acrossus depressus (Kugelann, 1792)

Phylogenetic analysis and discussion

In the genus Acrossus Mulsant, 1842, the relations between species are still
poorly known and the genus needs revision. According to