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Abstract

Four new species of the genus Anyphaena Sundevall, 1833 collected from Xizang, China,
are described: A. cibagou Wang & Mi, sp. nov. (4Q), A. linzhi Wang & Mi, sp. nov. (39),
A. shufui Wang & Mi, sp. nov. (Q) and A. yejiei Wang & Mi, sp. nov. (?). Diagnostic photos
of the habitus and copulatory organs and a distributional map are provided.

Key words: DNA barcodes, ghost spider, morphology, southwest China, taxonomy

Introduction

Anyphaena Sundevall, 1833, the most species-rich genus of the family Any-
phaenidae Bertkau,1878, is represented by 106 wander-hunting species wide-
ly distributed in Asia, Europe and the Americas (WSC 2024; Rivera-Quiroz and
Alvarez-Padilla 2023). In contrast to the taxonomic study of the genus in the
Americas, it remains poorly known in Asia, which only has 17 species records,
most of them sporadically described and only known from the original descrip-
tion (Duran-Barron et al. 2016; WSC 2024). To date, eight endemic species
known from both sexes are recorded from China, which is much higher than
in nearby countries, such as Japan (3), Russia (3) and India (1) (WSC 2024).
Among the Chinese species, half of them were described by Lin et al. (2021),
including the only species recorded in Xizang, China.

Recently, spider surveys in two National Nature Reserves in Linzhi City,
Xizang, China, were carried out, and more than twenty specimens of Any-
phaenidae have been collected. After examination, four species belonging to
Anyphaena are recognized as new to science and described herein.

Material and methods

Specimens were collected by beating shrubs or hand collecting. They were pre-
served in 90% ethanol. Specimens are deposited in the museum of Tongren Univer-
sity (TRU) in Tongren, China. They were examined with an Olympus SZX 16 stereo-
microscope. After dissection, the vulvae were cleared in trypsin enzyme solution
before examination and imaging. Left male palps were used for the descriptions
and illustrations. Photographs of the copulatory organs and habitus were taken
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with a Kuy Nice CCD camera mounted on an Olympus BX43 compound micro-
scope. Compound focus images were generated using Helicon Focus v. 6.7.1.
Drawings of the schematic course of the copulatory duct were generated by Adobe
lllustrator CC 2018. ArcGIS v. 10.4 software was used to create a distribution map.

A partial fragment of the mitochondrial cytochrome oxidase subunit | (COIl)
gene of the four species was amplified and sequenced using the primers
LCOI1490 and HCOI2198 (Folmer et al. 1994). The accession numbers are pro-
vided in Table 1. The pairwise genetic distances (Kimura two-parameter [K2P])
(see Table 2) were calculated using MEGA 6.0 to assess the genetic differenc-
es (Li and Zhang 2023).

All measurements are given in millimetres. Leg measurements are given as
total length (femur, patella, tibia, metatarsus, tarsus). References to figures in
the cited papers are listed in lowercase type (fig. or figs), and figures in this pa-
per are noted with an initial capital (Fig. or Figs). Abbreviations used in the text
and figures are as follows:

AG accessory gland; ALE anterior lateral eye; AME anterior median eye; At atri-
um; C conductor; CD copulatory duct; E embolus; FD fertilization duct; MA median
apophysis; MS median septum; PLE posterior lateral eye; PME posterior median
eye; PPA prolateral patellar apophysis; PTA prolateral tibia apophysis; RTA retro-
lateral tibia apophysis; VTA ventral tibial apophysis; S spermatheca.

Table 1. Voucher specimen information.

GenBank accession

Species Voucher code Sex number
Anyphaena cibagou Wang & Mi, sp. nov. TRU-XZ-ANY-0001 3 PP356956
TRU-XZ-ANY-0002 Q PP356957
A. linzhi Wang & Mi, sp. nov. TRU-XZ-ANY-0005 d PP356958
TRU-XZ-ANY-0006 Q PP356962
A. shufui Wang & Mi, sp. nov. TRU-XZ-ANY-0014 Q PP356960
TRU-XZ-ANY-0015 Q PP356961
A. yejiei Wang & Mi, sp. nov. TRU-XZ-ANY-0017 Q PP356959
TRU-XZ-ANY-0018 Q PP356963
TRU-XZ-ANY-0019 Q PP356964

Table 2. Intraspecific and interspecific nucleotide divergences for four Anyphaena species using Kimura two-parameter

model.

Species

A. cibagou ANY-0001
A. cibagou ANY-0002

A. linzhi ANY-0005
A. linzhi ANY-0006
A. yejiei ANY-0017
A. yejiei ANY-0018
A. yejiei ANY-0019
A. shufui ANY-0014
A. shufui ANY-0015

ANY-0001

0.000
0.019
0.016
0.019
0.019
0.019
0.033
0.033

ANY-0002 = ANY-0005 ANY-0006 ANY-0017 ANY-0018 ANY-0019 ANY-0014 ANY-0015

0.019

0.016 0.003

0.019 0.022 0.019

0.019 0.022 0.019 0.000

0.019 0.022 0.019 0.000 0.000

0.033 0.034 0.033 0.036 0.036 0.036

0.033 0.034 0.033 0.036 0.036 0.036 0.000
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Taxonomy

Family Anyphaenidae Bertkau,1878
Genus Anyphaena Sundevall, 1833

Anyphaena cibagou Wang & Mi, sp. nov.
https://zoobank.org/1179C7E2-BBB7-42DB-94D2-9A7857BA90A7
Figs TA-C, 2, 4A, 6A

Type material. Holotype & (TRU-XZ-ANY-0001), CHINA: Xizang Autonomous Re-
gion, Linzhi City, Chayu County, Cibagou National Nature Reserve (28°36.03'N,
97°4.01'E, ca 2200 m), 14 Aug. 2023, C. Wang and H. Yao leg. Paratypes 19
(TRU-XZ-ANY-0002), same data as for holotype; 19 (TRU-XZ-ANY-0003), Ciba-
gou National Nature Reserve (28°41.43'N, 97°2.86'E, ca 2570 m), 25 Jun. 2023,
C. Wang leg.

Etymology. The specific name is a noun in apposition and refers to the type
of locality, Cibagou National Nature Reserve.

Diagnosis. The species is closely similar to that of A. linzhi sp. nov., in hab-
itus and copulatory organs, but it can be easily distinguished by the following:
1) the main portion of the median apophysis is almost oval, and slightly longer
than wide in ventral view (Fig. 2B), vs elongate-oval, more than two times longer
than wide in A. linzhi sp. nov. (Fig. 3B); 2) the conductor is acutely narrowed dis-
tally (Fig. 4A), vs almost tapered at distal half in A. linzhi sp. nov. (Fig. 4B); 3) the
atrium is wider than long, and the median septum has a pair of laterally extend-
ed lamellar processes (Fig. 2D), vs atrium is longer than wide, and the median
septum lacks similar processes in A. linzhi sp. nov. (Fig. 3D); 4) the accessory
glands are located terminally on copulatory ducts (Fig. 2E), vs located medially
in A. linzhi sp. nov. (Fig. 3E); and 5) the spermathecae are elongate-oval (Fig.
2E), vs almost spherical in A. linzhi sp. nov. (Fig. 3E). The male also somewhat
resembles that of A. tibet Lin & Li, 2021 in having similar palp, especially the
invert L-shaped conductor in retrolateral view, but it can be easily distinguished
by the retrolateral tibial apophysis, which has a dorsal ramus about one-fifth
the ventral ramus length and with a blunt end in retrolateral view (Fig. 2C), vs
the dorsal ramus more than half the ventral ramus length and with a somewhat
pointed tip in A. tibet (Lin et al. 2021: fig. 7C), and by the smooth conductor (Figs
2C, 4A), vs serrated on the inner margin in A. tibet (Lin et al. 2021: fig. 13B).

Description. Male (holotype; Figs 1A, B, 2A-C, 4A). Total length 6.72. Carapace
3.20 long, 2.78 wide. Abdomen 3.53 long, 2.35 wide. Clypeus 0.15 high. Eye sizes:
AME0.12,ALE0.15,PME 0.17,PLE 0.18. Legs:19.84 (2.24,0.79, 3.06,2.49, 1.26), Il
8.48(2.39,0.75,2.66,1.90,0.78), 111 5.99 (1.95,0.65, 1.62, 1.26,0.51), IV 8.67 (2.46,
0.64,2.34,2.41,0.82). Carapace pale yellow to brown, with sub-oval thorax, slightly
elevated cephalon, and big, irregular, brown markings; fovea longitudinal, dark red.
Chelicerae red-brown, with four promarginal and seven retromarginal teeth. En-
dites yellow, longer than wide, bearing dense dark setae on inner portion of anterior
margins. Labium darker than endites, bearing dark setae at distal margin. Sternum
yellow to red-brown, covered with dense short setae, and with three pairs of an-
teromedian yellow spots laterally. Legs yellow to red-brown, with triangular ventral
apophyses on base of coxae. Abdomen elongate-oval, dorsum red-brown to dark
brown, spotted, with longitudinal, anterior pale band, irregular, median, dark patch,
and two pairs of medium muscle depressions; venter pale to red-brown.
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Figure 1. Habitus of Anyphaena spp. A-C A. cibagou Wang & Mi, sp. nov. D—F A. linzhi Wang & Mi, sp. nov. A, B, D, E male
holotypes and C, F female paratypes A, C, D, F dorsal view B, E ventral view. Scale bars: 1.0 mm.
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Figure 2. Copulatory organs of Anyphaena cibagou Wang & Mi, sp. nov., male holotype and female paratype A male palp,
prolateral view B ditto, ventral view C ditto, retrolateral view D epigyne, ventral view E vulva, dorsal view F schematic
course of copulatory duct, dorsal view. Scale bars: 0.2 mm.
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Palp (Figs 2A-C, 4A): patella slightly longer than wide, with short, sclerotized
distro-prolateral apophysis less than one-tenth its length; tibia about 1.5 times
longer than wide, with half-round, base-ventral apophysis and bifurcated retro-
lateral apophysis, which has long, bar-shaped ventral ramus directed towards
ca 11:30 o'clock position apically in retrolateral view, and short, lamellar dorsal
ramus; cymbium setose, bearing two distro-prolateral macro-setose; bulb al-
most oval; tegulum swollen; subtegulum elongated, prolaterally located; median
apophysis originates from the medium of retrolateral side of bulb, the main por-
tion almost oval, and with rather pointed tip slightly curved dorsally; embolus thin,
weakly sclerotized, partly hidden by conductor in ventral view; conductor anterior
to the base of median apophysis, curved into invert L-shape in retrolateral view.

Female (TRU-XZ-ANY-0002; Figs 1C, 2D-F). Total length 8.32. Carapace 3.05
long, 2.36 wide. Abdomen 5.59 long, 3.54 wide. Clypeus 0.17 high. Eye sizes:
AME 0.11, ALE 0.15, PME 0.16, PLE 0.17. Measurements of legs: 1 11.15 (3.03,
1.09, 3.20, 2.48, 1.35), 11 9.78 (2.75, 0.93, 2.76, 2.17, 1.17), lll 7.56 (2.28, 0.88,
1.74,1.79,0.87),1V 10.49 (3.04,0.92, 2.51, 2.92, 1.10). Habitus (Fig. 1C) similar
to that of male except having broad, longitudinal, pale band extending across
the whole surface, only with sex retromarginal cheliceral teeth and lacking ven-
tral apophysis on the base of coaxe.

Epigyne-vulva (Fig. 2D-F): wider than long, with anteriorly located, oval atri-
um more than half the epigynal width; median septum medially located on atri-
um, with strongly sclerotized, laterally extended lamellar processes; copulatory
openings invisible; copulatory ducts strongly curved at base and then gradually
thickened to connected to the anterolateral portions of elongate-oval, touched
spermathecae, with short, terminal accessory glands; fertilization ducts lamel-
lar, originate from the inner-base of spermathecae.

Distribution. Known only from the type locality in Xizang, China (Fig. 6A).

Anyphaena linzhi Wang & Mi, sp. nov.
https://zoobank.org/2D1BEOAA-F5DF-48BB-8B5F-79042CA311BC
Figs 1D-F, 3, 4B, 6A

Type material. Holotype & (TRU-XZ-ANY-0004), CHINA: Xizang Autonomous
Region, Linzhi City, Bomi County, Gangyunshanlin Scenic Area (29°52.99'N,
95°33.59'E, ca 2680 m), 29 Jun. 2023, C. Wang leg. Paratypes 1379 (TRU-XZ-
ANY-0005-0012), same data as for holotype.

Etymology. The species name is a noun in apposition and comes from the
type locality, Linzhi City.

Diagnosis. Anyphaena linzhi sp. nov. closely resembles that of A. cibagou sp.
nov., but it can be distinguished by the following: 1) the main portion of medi-
an apophysis is elongate-oval, more than two times longer than wide in ventral
view (Fig. 3B), vs almost oval, and slightly longer than wide in A. cibagou sp. nov.
(Fig. 2B); 2) the conductor is tapered at distal half in retrolateral view (Fig. 4B),
vs acutely narrowed distally in A. cibagou sp. nov. (Fig. 4A); 3) the atrium is lon-
ger than wide, and the median septum lacks process (Fig. 3D), vs atrium is wider
than long, and the median septum has laterally extended lamellar processes in
A. cibagou sp. nov. (Fig. 2D); 4) the accessory glands are located medially on
copulatory ducts (Fig. 3E), vs located terminally in A. cibagou sp. nov. (Fig. 2E);
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0.2mm

Figure 3. Copulatory organs of Anyphaena linzhi Wang & Mi, sp. nov., male holotype and female paratype A male palp,
prolateral view B ditto, ventral view C ditto, retrolateral view D epigyne, ventral view E vulva, dorsal view F schematic

course of copulatory duct, dorsal view. Scale bars: 0.2 mm.
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T
Figure 4. Bulb of Anyphaena spp., retrolateral view A A. cibagou Wang & Mi, sp. nov., holotype B A. linzhi Wang & Mi, sp.
nov., paratype. Scale bars: 0.1 mm.

and 5) the spermathecae are about spherical (Fig. 3E), vs elongate-oval in
A. cibagou sp. nov. (Fig. 2E). The male also somewhat resembles that of A. tibet
Lin & Li, 2021 in having very similar palpal structure, but it differs in: 1) the ven-
tral ramus of retrolateral tibial apophysis is anteroventrally extending, and about
three times longer than the dorsal ramus in retrolateral view (Fig. 3C), vs upward
extending, and less than two times longer than the dorsal ramus in A. tibet (Lin
et al. 2021: fig. 7C); 2) the conductor is smooth (Figs 3C, 4B), vs serrated on the
inner margin in A. tibet (Lin et al. 2021: fig. 13B).

Description. Male (holotype; Figs 1D, E, 3A-C, 4B). Total length 6.52. Carapace
2.82long, 2.36 wide. Abdomen 3.76 long, 2.25 wide. Clypeus 0.11 high. Eye sizes:
AME 0.12, ALE 0.16, PME 0.15, PLE 0.16. Measurements of legs: | 13.27 (3.42,
1.10, 4.12, 3.09, 1.54), 11 11.87 (3.14, 1.06, 3.68, 2.69, 1.30), Ill 8.54 (2.66, 0.79,
2.24, 2.06, 0.79), IV 12.02 (3.31, 0.94, 3.17, 3.46, 1.14). Carapace almost oval,
with elevated cephalon, and big, irregular, brown markings; fovea longitudinal,
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red-brown. Chelicerae yellow to gray-brown, with four promarginal and eight ret-
romarginal teeth. Endites longer than wide, bearing clusters of dark-brown setae
on inner portion of anterior margins. Labium darker than endites. Sternum al-
most heart-shaped, setose. Legs yellow-brown, with sub-triangular apophyses
on the base of coxae. Abdomen elongated, dorsum pale to red-brown, with lon-
gitudinal, anteromedian pale band followed by two pairs of muscle depressions
and two irregular dark patches medially; venter paler to dark brown.

Palp (Figs 3A-C, 4B): patella slightly longer than wide, with sclerotized, disto-pro-
lateral apophysis; tibia slightly curved medially, with almost half-round ventro-ret-
rolateral apophysis at base and bifurcated disto-retrolateral apophysis, which has
straight, bar-shaped ventral ramus directed towards ca 10 o'clock position apically
in retrolateral view, and strongly sclerotized, lamellar dorsal ramus; cymbium lon-
ger than wide, with two slender, medially curved macrosetea on the distal portion
of prolateral margin; bulb almost oval; tegulum swollen; subtegulum elongated,
prolaterally located; median apophysis originates from the middle of retrolateral
side of bulb, main portion elongated, with somewhat pointed tip; embolus thin,
partly visible; conductor retrolateral to the main portion of median apophysis,
strongly curved medially, and with tapered distal half extending anteroventrally.

Female (TRU-XZ-ANY-0006; Figs 1F, 3D—F). Total length 8.41. Carapace 3.05
long, 2.50 wide. Abdomen 5.50 long, 3.64 wide. Clypeus 0.12 high. Eye sizes
AME 0.10, ALE 0.15, PME 0.14, PLE 0.15. Measurements of legs: | 12.89 (3.26,
1.39, 3.60, 3.06, 1.58), 11 11.40 (3.00, 1.22, 3.18, 2.74, 1.26), Il 8.85 (2.52, 1.16,
2.05,2.18,0.94),1V 11.73 (3.12,1.20, 2.87, 3.38, 1.16). Habitus (Fig. 1F) similar
to that of male except having the dorsal abdominal pale band extending the
whole surface, seven retromarginal cheliceral teeth, and lacking ventral apoph-
ysis on the base of coaxe.

Epigyne and vulva (Fig. 3D—F): wider than long; atrium almost hexagonal,
anteriorly located; median septum almost linguiform; copulatory ducts curved,
gradually thicken, with short, medially located accessory glands less than
one-third the largest diameter of copulatory ducts in length; spermathecae
sub-spherical, touched; fertilization ducts lamellar.

Distribution. Known only from the type locality in Xizang, China (Fig. 6A).

Anyphaena shufui Wang & Mi, sp. nov.
https://zoobank.org/FOB57275-CDBF-4315-A047-4AFBOD0O8EDF1
Figs 5A, B, E, F, |, 6B

Type material. Holotype ¢ (TRU-XZ-ANY-00013), CHINA: Xizang Autonomous
Region, Linzhi City, Chayu County, Cibagou National Nature Reserve (28°36.03'N,
97°4.01'E, ca 2200 m), 14 Aug. 2023, C. Wang et al. leg. Paratypes 12 (TRU-XZ-
ANY-0014), same data as for holotype; 19 (TRU-XZ-ANY-0015), Cibagou Nation-
al Nature Reserve (28°41.43'N, 97°2.86'E, ca 2570 m), 25 Jun. 2023, C. Wang leg.

Etymology. The species is named after Mr Fu Shu, who helped us with spec-
imens collecting in Linzhi, Xizang; noun (name) in genitive case.

Diagnosis. Anyphaena shufui sp. nov. closely resembles that of A. rhyncho-
physa Feng, Ma & Yang, 2012 in epigyne-vulva structure, but it can be easily
distinguished by the atrium, which is slit-shaped (Fig. 5E), vs oval in A. rhyncho-
physa (Feng et al. 2012: fig. 8).
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H
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Zmim
Figure 5. Female holotypes of Anyphaena spp. A, B, E, F, 1 A. shufui Wang & Mi, sp. nov. C, D, G, H, J A. yejiei Wang & Mi,
sp. nov. A, C habitus, dorsal view B, D ditto, ventral view E, G epigyne, ventral view F, H vulva, dorsal view I, J schematic
course of copulatory duct, dorsal view. Scale bars: 1.0 mm (A-D); 0.2 mm (E-H).
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Figure 6. Distributional records of the Anyphaena spp. A A. cibagou Wang & Mi, sp. nov. and A. linzhi Wang & Mi, sp. nov.
B A. shufui Wang & Mi, sp. nov. and A. yejiei Wang & Mi, sp. nov.

Description. Female (holotype; Fig. 5 A, B, E, F, I). Total length 8.95. Carapace
3.95 long, 3.19 wide. Abdomen 5.76 long, 3.90 wide. Clypeus 0.30 high. Eye
sizes: AME 0.11, ALE 0.20, PME 0.19, PLE 0.20. Legs: | 14.99 (4.14,1.22, 4.45,
3.40,1.78);1113.69 (3.91,1.21, 3.83, 3.25, 1.49); 111 10.61 (3.23, 1.08, 2.65, 2.53,
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1.12); IV 14.71 (4.40, 1.24, 3.64, 4.12, 1.31). Carapace yellow to brown, with
oval thorax and elevated cephalon, bearing big, irregular brown markings; fovea
longitudinal, dark red. Chelicerae red-brown, with three promarginal and eight
retromarginal teeth. Endites red-brown, ca two times longer than wide. Labi-
um colored as endites. Sternum red-brown, setose, with irregular dark yellow
stripes. Legs yellow to brown. Abdomen elongated, dorsum pale to brown, with
anterior, longitudinal irregular pale band followed by brown markings, and two
pairs of muscle depressions; venter paler than dorsum.

Epigyne-vulva (Fig. 5E, F, I): wider than long; atrium anteriorly located, slit-
shaped; copulatory openings located on the lateral sides of atrium; copulatory
ducts widened at base, and then folded and acutely narrowed to tube-shaped
portions, which curved medially and with oval, terminal accessory glands; sper-
mathecae elongate-oval, touched; fertilization ducts lamellar.

Male. Unknown.

Distribution. Known only from the type locality in Xizang, China (Fig. 6B).

Anyphaena yejiei Wang & Mi, sp. nov.
https://zoobank.org/71FE6C75-DCE8-4CDB-A4C6-8136566069C7
Figs 5C, D, G, H, J, 6B

Type material. Holotype © (TRU-XZ-ANY-00016), CHINA: Xizang Autonomous
Region, Linzhi City, Chayu County, Cibagou National Nature Reserve (28°46.62'N,
97°0.86'E, ca 2880 m), 24 Jun. 2023, C. Wang et al. leg. Paratypes 49 (TRU-XZ-
ANY-0017-0020), same data as for holotype; 29 (TRU-XZ-ANY-0021-0022),
Cibagou National Nature Reserve (28°41.43'N, 97°2.86'E, ca 2570 m), 25 Jun.
2023, C. Wang leg.

Etymology. The species is named after Mr Yejie Lin, who contributed to the
taxonomic study of Chinese Anyphaena species and helped with species iden-
tification; noun (name) in genitive case.

Diagnosis. Anyphaena yejiei sp. nov. is similar to that of A. shenzhen Lin & Li,
2021 in having a very long, distorted copulatory duct, but it can be easily distin-
guished by the medially located atrium and medially originated copulatory duct
(Fig. 5G, H), vs anteriorly located atrium and anteriorly originated copulatory
duct in A. shenzhen (Lin et al. 2021: fig. 6A, B). It also resembles that of A.
cibagou sp. nov. in having a similar median septum, but it can be easily distin-
guished by the medially located atrium and much thinner and coiled copulatory
ducts (Fig. 5G, H), vs anteriorly located atrium and much thicken, and not coiled
copulatory ducts in A. cibagou sp. nov. (Fig. 2D, E).

Description. Female (Fig. 5C, D, G, H, J). Total length 7.84. Carapace 3.00
long, 2.44 wide. Abdomen 4.72 long, 3.00 wide. Clypeus height 0.17. Eye sizes:
AME 0.11, ALE 0.16, PME 0.15, PLE 0.17. Measurements of legs: | 7.92 (2.12,
0.75,2.10,1.94, 1.01); 11 7.18 (1.95, 0.78, 1.77, 1.72, 0.96); Il 5.15 (1.36, 0.60,
1.14,1.46, 0.59); IV 7.39 (2.05, 0.70, 1.77, 2.23, 0.64). Carapace pale yellow to
brown, with sub-oval thorax and elevated cephalon bearing big, brown mark-
ings; fovea longitudinal, dark red. Chelicerae red-brown, with four promarginal
and seven retromarginal teeth. Endites dark yellow, almost paralleled. Labium
dark brown, with pale distal portion bearing dense dark setae. Sternum yel-
low, almost heart-shaped, with small dark-brown spots. Legs pale to brown.
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Abdomen elongated, dorsum fuchsia, with irregular yellow and fuchsia mark-
ings; venter pale, covered with brown spots laterally.

Epigyne-vulva (Fig. 5G, H, J): longer than wide, with oval, medially located
atrium separated by the sub-oval septum; copulatory openings beneath the
lateral margin of atrium; copulatory ducts long, forming complicated coils and
with medially located, bar-shaped accessory glands extending downward;
spermathecae elongated, touched, with two sub-spherical portions; fertiliza-
tion ducts lamellar, originate at the anterior portions of the outside spherical
potions of spermathecae.

Male. Unknown.

Distribution. Known only from the type locality in Xizang, China (Fig. 6B).
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Abstract

This paper reassesses the taxonomy and systematics of 11 arboreal snail species in the
genus Amphidromus from Vietnam, Cambodia, Indonesia and Laos (A. bozhii Wang, 2019,
A. buelowi Fruhstorfer, 1905, A. costifer Smith, 1893, A. haematostoma Mollendorff, 1898,
A. ingens Mollendorff, 1900, A. madelineae Thach, 2020, A. metabletus Mollendorff, 1900,
A. pankowskianus Thach, 2020, A. placostylus Méllendorff, 1900, A. roseolabiatus Fulton,
1896, and A. thachi Huber, 2015). The taxonomic validity of each species is supported
by a phylogenetic analysis of mitochondrial COIl and 16S rRNA gene fragments from 17
ingroup taxa. Amphidromus buelowi was found to comprise two populations from two
distant localities, one from Mount Singgalang, West Sumatra, Indonesia and the other
from southern Vietnam. The samples from southern Vietnam were previously described
as A. asper Haas, 1934 and A. franzhuberi Thach, 2016, but they are now treated as junior
synonyms of A. buelowi in this study. In addition, two species from Vietnam are described
as new to science, viz. A. asperoides Jirapatrasilp & Leg, sp. nov. and A. ingensoides Jira-
patrasilp & Leg, sp. nov., each of which is conchologically comparable to A. buelowi and
A. ingens, respectively.

Key words: Biodiversity, Helicoidei, shell polymorphism, Stylommatophora, taxonomy
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Introduction

Since the comprehensive synoptic catalogue of the Southeast Asian arboreal
snail genus Amphidromus Albers, 1850 by Laidlaw and Solem (1961), most pa-
pers on this genus involve the descriptions of new species. As a result, more
than 150 species were newly introduced (MolluscaBase 2023). Some studies
also revisited the taxonomic status of some species (e.g., Sutcharit et al. 2021;
Verbinnen and Segers 2021), while others revised the taxonomy of Amphidro-
mus in particular regions (Solem 1965; Sutcharit and Panha 2006; Inkhavilay
et al. 2017; Poppe 2020), whereas still fewer papers focussed on molecular
phylogenetic relationships (Sutcharit et al. 2007; Lee et al. 2022).

This paper is the first of a series that aims to revise the taxonomy and sys-
tematics of Amphidromus species from Southeast Asia, following the taxonom-
ic reassessment of A. cruentatus (Morelet, 1875) in Lee et al. (2022). We revise
some Vietnamese species and related species from Cambodia, Indonesia, and
Laos that are phylogenetically related or that are conchologically similar to
A. cruentatus. These include 11 nominal species: A. bozhii Wang, 2019, A. bue-
lowi Fruhstorfer, 1905, A. costifer Smith, 1893, A. haematostoma Mollendorff,
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1898, A. ingens Mollendorff, 1900, A. madelineae Thach, 2020, A. metabletus
Mollendorff, 1900, A. pankowskianus Thach, 2020, A. placostylus Méllendorff,
1900, A. roseolabiatus Fulton, 1896, and A. thachi Huber, 2015. However, the
original descriptions and subsequent treatments to delimit these species were
primarily based on shell characteristics, which are extremely variable in the ge-
nus Amphidromus (Haniel 1921; Lee et al. 2022). Therefore, other lines of evi-
dence, especially DNA sequence data, are crucial to define species boundaries
more accurately and reassess the taxonomic status of Amphidromus species.

Against this background, new specimens of these 11 nominal species were
collected in order to study their shell and anatomical characters, compare them
with the available type material of species known from the study area, and to
infer their phylogenetic relationships using DNA sequence data.

Materials and methods

Specimen preparation and preliminary species identification

Empty shells and living specimens were collected from several localities in
Cambodia, Indonesia, Laos, and Vietnam (Fig. 1, Table 1). A total of 278 speci-
mens was collected, and all specimens are deposited in the National Museum
of Natural Science of Taiwan, Taichung, unless otherwise stated. Live speci-
mens were photographed and fixed in 70% (v/v) ethanol for anatomical exam-
ination and 95% (v/v) for DNA analysis. The genitalia of 3—5 specimens per
species were examined under a stereomicroscope, and one or two genitalia
from each species were selected for photography. The radula of one specimen
per species was examined with a scanning electron microscope (SEM; JEOL,
JSM-5410 LV). At each collecting site, the specimens were collected within an
area of approximately 100 m?2. Shell measurements are based on adult speci-
mens only.

Preliminary morphospecies identifications were based on (1) the shell char-
acters used in the original descriptions and other relevant literature, such as
Zilch (1953), Sutcharit et al. (2015), and Thach (2016, 2017,2018, 202043, 2021),
(2) the accordance between the collecting localities and the type locality, and
(3) comparisons with type specimens and/or reference collections from sever-
al natural history museums. The type localities are mentioned in the wording
and language of the original descriptions. If possible, the current names and/or
regional names of the type localities are provided in square brackets.

Molecular phylogenetic analyses

The acquisition of new DNA data of both mitochondrial COl and 16S rRNA,
and molecular phylogenetic analyses including the calculation of intra- and
interspecific p-distances and constructions of phylogenetic trees and haplo-
type networks, follow Jirapatrasilp et al. (2022) and Lee et al. (2022). New se-
quences were obtained from a total of 127 specimens from 14 Amphidromus
species. In addition, sequences of A. perversus (Linnaeus, 1758) (type species
of Amphidromus), A. contrarius (Miiller, 1774) (type species of the subgenus
Syndromus), and A. cruentatus retrieved from GenBank (Kohler and Criscione
2015; Jirapatrasilp et al. 2022; Lee et al. 2022) were included, resulting in a total
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Figure 1. Distribution map of Amphidromus samples recognised in this study. 1. Amphidromus bozhii; 2. Amphidromus placo-
stylus; 3. Amphidromus asperoides sp. nov.; 4. Amphidromus ingens; 5. Amphidromus ingensoides sp. nov.; 6. Amphidromus
buelowi; 7. Amphidromus thachi; 8. Amphidromus metabletus; 9. Amphidromus haematostoma; 10. Amphidromus madelin-
eae; 11. Amphidromus costifer; 12. Amphidromus pankowskianus; 13. Amphidromus roseolabiatus. Species numbers corre-
spond to those in Fig. 2 and Tables 1, 2. The map was produced using QGIS (3.16.0) with SRTM Downloader plugin (https://
github.com/hdus/SRTM-Downloader), retrieving SRTM data from NASA Earth Data server (https://urs.earthdata.nasa.gov/).

of 17 Amphidromus species in the dataset. Sequences of Camaena cicatricosa
(Miller, 1774) and C. poyuensis Zhou, Wang & Ding, 2016 from GenBank (Ding
et al. 2016) were used as outgroup (Table 1).

The sequence alignments of each gene fragment were performed sepa-
rately using MAFFT (v. 7, see https://mafft.cbrc.jp/alignment/server/index.
html), with default options (Katoh et al. 2017). The concatenated dataset was
prepared in Kakusan4 (v. 4.0.2016.11.04, see https://www.fifthdimension.
jp/products/kakusan/; Tanabe 2011) with the best-fitting model adjustment
for Bayesian inference (BI) analyses. The Bl analysis was performed with the
best-fitting models of each gene fragment and each codon position of COI
(generalised time reversible (GTR) + gamma (G) for the third codon position of
COl and Hasegawa—Kishono—-Yano (HKY) + G for 16S rRNA and the remaining
codon positions of COI) using MrBayes on XSEDE (v.3.2.6, see http://nbiswe-
den.github.io/MrBayes/; Ronquist et al. 2012) in the CIPRES Science Gateway
(see https://www.phylo.org/; Miller et al. 2010). Two independent analyses
were run simultaneously and consisted of four chains of five million genera-
tions, sampling every 500 generations and discarding the first 50% of samples
as burn-in.
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In addition, a maximum likelihood (ML) tree was constructed using the
IQ-TREE webserver (see http://igtree.cibiv.univie.ac.at), with integrated Mod-
elFinder function (Nguyen et al. 2015; Trifinopoulos et al. 2016; Kalyaanamoor-
thy et al. 2017). Branch support was estimated using 1000 ultra-fast bootstrap
replicates (Hoang et al. 2018), the Shimodaira and Hasegawa-approximate
likelihood-ratio (SH-aLRT) test and the approximate Bayes (aBayes) test (Ani-
simova et al. 2011). A clade was considered to be well supported if the ul-
tra-fast bootstrap support (BS) values were = 95%, aBayes support values =
0.95, SH-aLRT support values = 80% and Bayesian posterior probability values
(PP) were = 0.95 (San Mauro and Agorreta 2010; Anisimova et al. 2011; Hoang
et al. 2018).

Uncorrected pairwise genetic distances (p-distances) among different Am-
phidromus species were calculated in MEGA (v. 7.0, see https://www.megas-
oftware.net/) using pairwise deletion (Kumar et al. 2016). Haplotype networks
were constructed using the minimum spanning network method (Bandelt et
al. 1999) as implemented in the program PopART (v. 1.7.2, see http://popart.
otago.ac.nz/index.shtml; Leigh and Bryant 2015).

Species validation

Preliminary morphospecies identifications were validated by the reciprocal
monophyly of each morphospecies in the phylogeny constructed from the
concatenated COIl + 16S dataset. We adopted the interspecific COl genetic
distance of 4%, which has been associated with the optimum intra/inter-
specific threshold value for stylommatophoran land snails (Davison et al.
2009), as the threshold to validate the reciprocal monophyly of the prelimi-
nary morphospecies.

Abbreviations

The abbreviations D (dextral) and S (sinistral) are used in conjunction with num-
bers of specimens in the material examined sections of each species. Abbre-
viations for the gential organs in the figure captions follow those defined by
Solem (1983) and Sutcharit and Panha (2006).

Institutional abbreviations

ANSP  Academy of Natural Sciences of Philadelphia, Drexel University, Phil-
adelphia

CUMZ Chulalongkorn University Museum of Zoology, Bangkok

MNHN  Muséum national dHistoire naturelle, Paris

NHMUK when citing specimen lots deposited in the Natural History Museum,
London

NMNS National Museum of Natural Science of Taiwan, Taichung

RBINS Royal Belgian Institute of Natural Sciences, Brussels

RMNH Naturalis Biodiversity Center, Rijksmuseum van Natuurlijke Historie,
Leiden

SMF Senckenberg Forschungsinstitut und Naturmuseum, Frankfurt am Main
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Results

The COI dataset of Amphidromus in this study comprised 130 sequences with
lengths between 556 and 658 bp, including 284 variable and 265 parsimony-in-
formative sites, from an alignment length of 658 bp. The variation in the COI se-
qguence lengths is due to incomplete sequences at both ends in some sequenc-
es. The 16S rRNA dataset comprised 118 sequences with lengths between 343
and 394 bp. The 16S rRNA alignment including gaps was 414 bp, including 136
variable and 125 parsimony-informative sites.

The ML and BI phylogenetic analyses based on the concatenated datasets
yielded consistent topologies (Fig. 2, showing Bl topology). The preliminary
morphospecies identification in this study yielded a total of 16 Amphidromus
morphospecies (Table 1), of which 11 showed a well-supported reciprocal
monophyly (SH-aLRT = 80%, aBayes = 0.95, BS = 95%, PP = 0.95) (Fig. 2), sup-
porting their recognition as valid species. In addition, Amphidromus sp. 1 and
sp. 2 also showed well-supported reciprocal monophyly and were character-
ised by a distinct shell morphology. Therefore, these latter two taxa were de-
scribed as new species to science (A. asperoides sp. nov. and A. ingensoides
sp. nov., respectively). Specimens previously identified as A. asper Haas, 1934
and A. franzhuberi Thach, 2016 belonged to the same clade as A. buelowi, and
A. nguyenkhoai Thach, 2020 belonged to the same clade as A. costifer.

The DNA sequence data show that the phylogenetic relationships among
the species did not mirror their geographical ties. Amphidromus contrarius,
A. perversus, and A. sinistralis each did not belong to the same clades of the
other taxa, and the relationships of these three species with other species
remain unresolved. Amphidromus roseolabiatus and A. pankowskianus were
retrieved together as sister clades forming a distinct well-supported clade
(SH-aLRT = 80%, aBayes = 0.95, BS = 95%, PP = 0.95) separate from the clade
with the remaining taxa. These latter were grouped in a well-supported clade,
with A. costifer as a sister taxon to all other species in this clade. Amphidromus
cruentatus, A. haematostoma, and A. madelineae were closely related in that
A. cruentatus was sister to the clade A. haematostoma + A. madelineae. The
remaining taxa belonged to a well-supported clade, where A. bozhii, A. ingens,
A. placostylus, as well as the two new species belonged to the same well-sup-
ported subclade. Amphidromus bozhii was sister to A. placostylus, and A. as-
peroides sp. nov. was sister to A. ingens.

The COI p-distances ranged from 0 to 10.03% (average 2.78 * 3.04%) within
species and from 9.61 to 24.16% (average 18.30 + 3.35%) between species (Ta-
ble 2). All interspecific pairwise distances exceed 9%, and 92.6% of them (126
out of 136) exceed 12%. Pairwise distances lower than 12% were observed
among A. bozhii, A. ingens, A. placostylus, A. asperoides sp. nov., and A. ingen-
soides sp. nov. Intraspecific distances typically fall below or hover around 5%.
Notable exceptions are A. haematostoma at 10.03% and A. costifer at 7.84%.

Comparable patterns were observed for 16S, the p-distances of which ranged
from 0 to 3.39% (average 1.07 + 1.14%) within species and from 2.76-16.74%
(average 11.68 + 3.79%) between species (Table 2). All interspecific pairwise
distances exceed 3%, except between A. bozhii and A. ingens (2.76%), and 90%
of the interspecific p-distances (108 out of 120) exceed 5%. Intraspecific dis-
tances typically fall below or hover around 3%.
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Table 2. Percentage of uncorrected pairwise interspecific distances for the partial COI (above the diagonal) and 16S rRNA
(below the diagonal) gene fragments among the Amphidromus species in this study. Intraspecific distances for COI/16S
rRNA are shown on the diagonal (bold). Species numbers correspond to those in Figs 1, 2, and Table 1. The numbers of
sequences used to calculate the distances of each respective gene fragment are given as n = COI,16S in the first column.

Species 1 2 3 4 5 6 7 8 9 10 1 12 13 | 14 15 16 17
1.A. bozhii (n=17,4) | 0.60/ 9.61  10.33 10.82  9.99 | 1329 13.04 17.30  19.19 | 18.25 | 18.88 | 18.87 | 17.94 | 21.40 2236 18.97  18.85
0.13
2. A. placostylus 432 | 547/ | 983 | 1051 1053 1279 | 13.04 | 16,57 19.02  18.44 17.89 | 19.60 | 18.11 | 21.09 22.16 19.74 | 19.75
(n=10,10) 3.14

3. A. asperoides sp. 331 | 468 | 0/0 10.32 | 10.69 13.13 | 12.69 16.72 18.47 | 18.02 | 17.12 20.33 | 18.78 | 20.76 A 22.41 | 18.45 18.29
nov. (n = 4, 4)

4.A ingens (=18, | 276 | 4.23 | 3.02  1.37/ | 10.20 1223 1274 1591  19.12  18.38 | 17.06 | 20.01  18.26 20.65 20.71 17.71 | 20.01
16) 0.52

5. A. ingensoides sp. 425 | 514 461 419 | 3.32/ 13.51  12.80 | 16.27 @ 19.16 = 19.48 | 17.63 | 19.98 | 19.20 | 21.76 A 21.62  18.18 | 19.23
nov. (n =4, 4) 1.45

6.A. buelowi(n=7,7) 500 | 560 | 461 | 4.61 | 489 | 1.25/ 13.40 17.05 | 18.72 | 18.79 1847 20.63 | 18.32 21.01 | 21.78 | 18.75 19.04

0.19
7.A thachi(n=8,8) | 7.41 | 821 | 622 | 7.19 | 690 @ 636 221/ 1632 19.81 | 19.43 16.81 19.67 1831  20.81 21.03 18.05 19.28
1.07

8. A. metabletus 11.08 | 1211 | 11.67 | 12.04 | 10.84 | 11.40 | 10.68 | 1.28/ | 20.40  19.43 16.63 20.47 18.53 20.56 21.53 18.30 19.25
(n=14,13) 0.58

9. A. haematostoma | 10.53 | 10.80 | 10.10 | 9.59 | 9.66 = 9.38 | 10.52  12.59  10.03/ 13.93 20.61 22.44 2143 2076 23.28 21.39  21.74
(n=7,5) 1.99

10. A. madelineae 971 | 989 | 917 810 | 878 926 | 9.66 11.63 6.04 | 2.19/ 17.81 21.12 19.61 20.26 22.90 21.62 20.60
(n=5,5) 0.33

11. A. costifer (n = 15.45 | 15.56 | 14.85 | 15.33 | 14.91 | 13.44  13.69 | 14.41  16.00  16.02 7.84/ 19.53 19.31 20.38 21.73 20.23 18.90
3,16) 3.39

12. A. pankowskianus | 13.72 | 14.18 | 14.20 | 13.44 | 13.61 1250 14.31 13.78 14.01  13.15 14.37 0.19/ 13.02 20.49 21.57  19.59  20.38
(n=81) NA

13. A. roseolabiatus (n | 14.28 | 14.21 | 13.91 | 14.09 | 15.10 13.23 | 13.03 | 1551 14.56 13.08 15.31 6.14 0/0  20.16 21.93 18.97 | 19.08
=4,4)

14. A. cruentatus 10.17 | 9.93  10.82 971 990 1026 11.11  12.04 1137 1217 1539 1421 1563  3.15/ 24.16 20.13  21.37
(n=18,19) 1.17

15. A. contrarius 15.62 | 16.12 | 15.90 | 16.04 | 15.56  15.41 1557 | 16.74 16.41 | 15.16  14.91 14.29  14.91 | 16.11  NA/ | 21.65 21.95
(n=1,1) NA

16. A. perversus 13.75  14.08 | 14.00 | 13.44  14.51  14.70 14.93 16,18 1589  13.09 13.86 13.61 13.09 1546 13.45 NA/ | 18.29
(n=1,1) NA

17. A. sinistralis NA | NA | NA | NA  NA  NA NA  NA NA NA  NA  NA  NA  NA | NA | NA | NA/
(n=1,0) NA

Systematics

Family Camaenidae Pilsbry, 1895
Genus Amphidromus Albers, 1850
Amphidromus Albers, 1850: 138. Martens in Albers 1860: 184. Fulton 1896: 66, 94.

Type species. Helix perversus Linnaeus, 1758 by subsequent designation of E.
von Martens in Albers (1860).

Amphidromus ingens Mollendorff, 1900
Figs 3, 4A, 5A-C, 6A-C, 7

Amphidromus ingens Mollendorff, 1900b: 23-24. Type locality: Berg “Mutter und
Kind”, Annam [Vietnam]. Pilsbry 1900: 175-176. Fischer and Dautzenberg
1904: 406. Laidlaw and Solem 1961: 529, 629. Richardson 1985: 21. Thach
2005: 235, pl. 73, fig. 22. Schileyko 2011: 50. Sutcharit et al. 2021: fig. 1g.
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Figure 2. Bayesian phylogeny of Amphidromus spp. based on mitochondrial COIl and 16S genes. Nodal support values
are given as SH-aLRT/aBayes/ultra-fast bootstrap (IQ-TREE, ML)/posterior probability (MrBayes, Bl). An asterisk on each
branch indicates a clade with all well-supported values (SH-aLRT = 80%, aBayes = 0.95, BS = 95%, PP > 0.95). Species
numbers correspond to those in Fig. 1 and Tables 1, 2.

Amphidromus (Amphidromus) ingens. Zilch 1953: 135, pl. 23, fig. 25.

Amphidromus naggsi Thach & Huber, 2014: 35-37, figs 1-13, 15. Type locality:
Don Duong district, Lam Dong Province, South Vietnam. Pall-Gergely et al.
2020: 53. Thach et al. 2020: 185, 187, pl. 1, fig. 6a. Thach 2020a: 70, fig. 881
left. Thach 2021: 70. syn. nov.

Material examined. VIETNAM: Dextral, lectotype of “Amphidromus ingens”, SMF
7565/1 (Fig. 3A); 2D + 2S, paralectotypes of “Amphidromus ingens”, SMF 7566/4
(Fig. 3B). VIETNAM: Dextral, holotype of “Amphidromus naggsi”, RMNH.5003908
(Fig. 3C).

Other material examined. VIETNAM: 4D + 1S specimens, M'drak District, Dak
Lak Province, NMNS-8764-082-NMNS-8764-086 (Fig. 3D, E); 1D specimen, Ea
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M'doal ward, M'drak District, Dak Lak Province, NMNS-8764-087 (Fig. 3F); 4D +
1S specimens, Krong A ward, M'drak District, Dak Lak Province, NMNS-8764-
088—-NMNS-8764-092 (Fig. 3G); 7D + 5S specimens, Ea Sup District, Dak Lak
Province, NMNS-8764-093-NMNS-8764-104 (Fig. 3H, I).

Diagnosis. Shell large conical and chirally dimorphic (sinistral and dextral coil-
ing). Shell surface with coarse growth lines; last whorl with subsutural depres-
sion area and more or less prominent keel on periphery. Genitalia with appendix.

Differential diagnosis. Amphidromus ingens is unique among all reported
Vietnamese species (Schileyko 2011) in having a last whorl with subsutural
depression area and more or less prominent keel on periphery. Amphidromus
bozhii is similar in most of the shell form and sculpture, but the shell sculp-
ture of A. bozhii has a very weak spiral depression area and sometimes with
or without keel, and the shell colour is generally rose-pink to dark colour, with
last whorl stained with dark brown colour below periphery and ~ 1/2 of upper
periphery. On the other hand, A. ingens has a monochrome (whitish, yellowish,
tinted pink) shell, often stained with dark brown to blackish below periphery.
Amphidromus ingens is also recognised by a distinct clade in the molecular
phylogeny (Fig. 2), with the closest p-distance to A. ingensoides sp. nov. in COI
(10.2%) and A. bozhii in 16S (2.76%) (Table 2).

Description. Shell large (height 62.3—-74.6 mm, width 38.5-42.5 mm), chirally
dimorphic, solid, and ovate conical shape. Spire long conical to elongate conical,
apex acute without black spot on tip. Whorls 5-7 convex; suture wide and de-
pressed; last whorl rounded to slightly angulated. Periostracum brownish to thin
corneous; varix usually absent. Shell surface generally with irregular and coarse
growth lines; below sutural with broad subsutural depression area, and with blunt
or low to prominent keel on periphery. Shell colour highly variable: monochrome
(whitish, yellowish, tinted pink) to stained with dark brown to blackish below pe-
riphery. Parietal callus thickened and white, dilated at umbilical area. Aperture
broadly ovate; inner side of outer wall with white, yellow or dark brown to blackish
colour. Peristome thickened, expanded, and reflexed but not attached to last whorl;
lip whitish. Columella white, straight, or little twisted. Umbilicus imperforate.

Radula. Teeth arranged in anteriorly pointed V-shaped rows. Central tooth
monocuspid and spatulate with truncated cusp. Lateral teeth bicuspid; endo-
cone small, slightly curved, with wide notch and dull cusp; ectocone large with
truncated to slightly curved cusp. Lateral teeth gradually transformed to asym-
metric tricuspid marginal teeth (Fig. 4A).

Genital organs. Atrium relatively short. Penis slender, conical, and short ~ 1/3
of vaginal length. Penial retractor muscle thickened and inserting on epiphal-
lus close to penis. Epiphallus long, slender tube, slightly narrower than penis.
Flagellum short ~ 1/2 of epiphallus and terminating in slightly enlarged folded
coil. Appendix short, slender tube, approximately as long as epiphallus, and ~
2x longer than flagellum. Vas deferens slender tube passing from free oviduct
and terminating at epiphallus-flagellum junction (Fig. 5A). Internal wall of penis
corrugated, exhibiting series of thickened and swollen longitudinal penial pilas-
ters forming fringe around penial wall, and with nearly smooth to weak folds
around base of penial verge. Penial verge short conical with nearly smooth sur-
face, and with opening on the tip (Fig. 5B).

Vagina slender, long cylindrical, and ~ 3x longer than penis. Gametolytic duct
enlarged cylindrical tube then abruptly tapering to slender tube terminally and
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connected to gametolytic sac (missing during dissecting). Free oviduct short;
oviduct compact and enlarged to form lobule alveoli (Fig. 5A). Internal wall of
vagina possessing corrugated ridges near genital orifice; ridges becoming thin-
ner and smooth surfaced longitudinal vaginal pilasters, swollen with irregularly
shaped and deep crenelations close to free oviduct opening. Spermatophore
(in part) dark brown stuck inside gametolytic duct (Fig. 5C).

Living specimens generally with pale brown to yellowish body covered with
reticulated skin. Foot broad and long with uniform pale brownish to yellowish
colour to posterior tail. Dorsal side of anterior body usually with stripe of darkly
reticulated skin; head area at base and just behind upper tentacle with orange
patch. Upper tentacles drumstick shaped, orange to paler and with dark eyespots
on tentacular tips; lower tentacles short and pale orange in colour (Fig. 6A—-C).

20 mm

Figure 3. Shells of Amphidromus ingens Mollendorff, 1900 A lectotype of “Amphidromus ingens” (SMF 7565) B paralecto-
type of “Amphidromus ingens” (SMF 7566) C holotype of “Amphidromus naggsi” (RMNH.5003908) D, E specimens from
M’drak, Dak Lak, Vietnam (NMNS-8764-082, NMNS-8764-084) F specimen from Ea M'doal, M'drak, Dak Lak, Vietnam
(NMNS-8764-087) G specimen from Krong A, M'drak, Dak Lak, Vietnam (NMNS-8764-088) H, | specimens from Ea Sup,
Dak Lak, Vietnam (NMNS-8764-093, NMNS-8764-101). Credit: J. Goud, RMNH (C).
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Haplotype network. There was a total of 12 COI haplotypes (Fig. 7A) and
nine 16S haplotypes (Fig. 7B) of A. ingens in this study, and the highest num-
bers of mutational steps in the COl and 16S minimum spanning networks are
13 and three, respectively.

Distribution. The distribution range of the species covers Dak Lak and Lam
Dong provinces, Vietnam.

Remarks. Thach and Huber (2014) introduced A. naggsi, which is described
to differ from A. ingens in its wrinkled outer surface, the presence of 2-3 broad
spiral channels on the body whorl, the more prominent sculpture on the pen-
ultimate whorl, and a more elongate aperture. However, upon examining the
type specimens of both A. ingens and A. naggsi, these diagnostic characters
were also present in the lectotype and paralectotypes of A. ingens, and the ho-
lotype of A. naggsi agrees well with all the type specimens of A. ingens in terms
of shell shape, shell surface sculpture, peristome, and apertural shape. Thus,
A. naggsi is regarded herein as a junior subjective synonym of A. ingens.

The shell colour generally varies from whitish (typical) to yellowish to rose-
pink colour (Fig. 3). In our examined specimens, many are stained with dark
brown colour below periphery and some are stained nearly entirely on the last
and penultimate whorl. The shell sculpture generally has two depression areas,
one upper periphery and one below suture, and the conspicuous keel to weak
keel is generally present on periphery.

Amphidromus asperoides Jirapatrasilp & Lee, sp. nov.
https://zoobank.org/BBOA2CF5-B568-4CA7-AE3F-59C38CC082ES
Figs 4B, 5D-F, 6G, 8A-C

Amphidromus asper [non Haas]. Thach 2017: 37, pl. 34, figs 432, 433.

Diagnosis. Shell large conical and dextral. Shell colour with dark triangular
blotches connected with dark zigzag radial streaks. Aperture ovate and round-
ed anteriorly, columella straight. Genitalia with appendix.

Differential diagnosis. The new species differs from the similar species
A. buelowi in being exclusively dextral, having a straight columella, and lacking
an apertural notch and umbilical hump. In contrast, A. buelowi is chirally dimor-
phic, and possesses a distinct twisted columella plait, a prominent umbilical
hump encircled columellar area, and an apertural notch projecting anteriorly. In
addition, on the soft body of living snail, A. asperoides sp. nov. has a uniform
brownish yellow to pale brown of the entire body, while A. buelowi exhibits a
reddish orange body. This new species is also recognised as a distinct clade in
the molecular phylogeny (Fig. 2), with the closest p-distance to A. placostylus
in COI (9.83%) and A. ingens in 16S (3.02%) (Table 2).

Etymology. The specific epithet asperoides is from asper, and the suffix ‘-
oideus’, meaning ‘like or resembling’. This name refers to the resemblance in
shell morphology of the new species to the nominal species A. asper, which is
now treated as a junior synonym of A. buelowi.

Type material. Holotype. VIETNAM: dextral, shell height 61.7 mm, shell width
34.9 mm, with 7 whorls, 15 July 2016, coll. A. N. Pham (NMNS-8764-001,
Fig. 8A). Paratypes. VIETNAM: 2D specimens, same collecting data as holotype
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(NMNS-8764-001-NMNS-8764-003, Fig. 8B); 1D specimen, same collecting
data as holotype (NHMUK 20230613, Fig. 8C).

Type locality. VIETNAM: Ea Tu village, Buon Ma Thuat city, Dak Lak Province,
12°42'24.4"N, 108°07'25.3"E.

Other material. VIETNAM: 20D specimens, Krong Pak, Dak Lak Province,
NMNS-8764-192-NMNS-8764-211, 6 Oct. 2022, coll. V. V. Hoang.

Description. Shell large (height 54.6—61.7 mm, width 31.3-34.9 mm), dex-
tral, solid, and ovate conical shape. Spire long conical with white or pale co-
lour; apex acute without black spot on tip. Whorls 6—7 convex; suture wide
and depressed; last whorl ovate. Periostracum thin corneous; varices generally
present. Shell surface generally with coarse growth lines. Shell ground colour
pale pink, decorated with dark triangular blotches connected with dark zigzag
radial streaks. Parietal callus thickened, slightly opaque, white and much thin-
ner in central area. Aperture ovate; without (or very weak) anterior notch and
umbilical hump; inner side of outer wall whitish colour; peristome thickened,
expanded, and reflexed but not attached to last whorl; lip whitish. Columella
white, straight, or weakly twisted. Umbilicus imperforate.

Radula. Teeth arranged in anteriorly pointed V-shaped rows. Central tooth
monocuspid and spatulate with truncated cusp. Lateral teeth bicuspid; endo-
cone small, with shallow notch and blunt cusp; ectocone large with curved

100 pm

Figure 4. SEM images of the radula of Amphidromus spp A Amphidromus ingens Moéllendorff, 1900 from Ea Sup, Dak
Lak, Vietnam (NMNS-8764-100) B Amphidromus asperoides sp. nov. from Ea Tu, Buon Ma Thuat city, Dak Lak, Vietnam
(NMNS-8764-001) C Amphidromus bozhii Wang, 2019 from Tuy Hoa, Phu Yen, Vietnam (NMNS-8764-016). Central teeth
are marked in yellow. The left and right images show the outer and inner sections of each radula, respectively.
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Figure 5. Genitalia of Amphidromus spp A-C Amphidromus ingens Mollendorff, 1900 from Ea Sup, Dak Lak, Vietnam
(NMNS-8764-100), showing A general view of genitalia B interior structures of penis C interior structures of vagina
chamber and gametolytic duct D-F Amphidromus asperoides sp. nov. from Ea Tu, Buon Ma Thuat city, Dak Lak, Viet-
nam (NMNS-8764-001), showing D general view of genitalia E interior structures of penis F interior structures of vagina
chamber. Red dots indicate the shape of the missing gametolytic sac. Green arrows indicate the genital openings. Ab-
breviations: ap, appendix; e, epiphallus; fl, flagellum; fo, free oviduct; gd, gametolytic duct; ov, oviduct; p, penis; pp, penial
pilaster; pr, penial retractor muscle; pv, penial verge; v, vagina; vd, vas deferens; vp, vaginal pilaster

cusp. Lateral teeth gradually transformed to asymmetric tricuspid marginal
teeth (Fig. 4B).

Genital organs. Atrium relatively short. Penis slender, conical, and short ~
1/4 of vaginal length. Penial retractor muscle thickened, long and inserting on
epiphallus near penis. Epiphallus very long ~ 2x longer than vagina, and slen-
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der tube. Flagellum short, extending from epiphallus and terminating in slightly
enlarged tube. Appendix short and slender tube, 4xlonger than flagellum and
approximately as long as epiphallus. Vas deferens slender tube passing from
free oviduct and terminating at epiphallus-flagellum junction (Fig. 5D). Internal
wall of penis corrugated, exhibiting series of thickened and swollen longitudi-
nal penial pilasters forming fringe around penial wall, and with nearly smooth to
weak folds around base of penial verge. Penial verge short conical with nearly
smooth surface, and with opening on the tip (Fig. 5E).

Vagina long, slender, cylindrical, and ~ 2x longer than penis. Gametolytic
duct enlarged cylindrical tube then abruptly tapering to slender tube terminally
and connected to gametolytic sac (missing during dissection). Free oviduct
short; oviduct compact, enlarged to form lobule alveoli (Fig. 5D). Internal wall of
vagina possessing corrugated ridges near genital orifice; ridges becoming thin-
ner and smooth surfaced longitudinal vaginal pilasters, swollen with irregularly
shaped shallow crenelations close to free oviduct opening (Fig. 5F).

Living specimens with soft body morphology generally similar to A. ingens.
Animals with uniform brownish yellow to pale brown of the entire body includ-
ing foot, upper and lower tentacles (Fig. 6G).

Distribution. This species is known from Dak Lak Province, Vietnam.

Remarks. This new species had been previously identified as A. asperin Thach
(2017). However, based on the difference in shell size and apertural characteris-
tics to the holotype of A. asper, those specimens featured in Thach (2017) should
be regarded as A. asperoides sp. nov. See also under the remarks of A. buelowi.

Amphidromus bozhii Wang, 2019
Figs 4C, 8D-F, 9A-C, 10

Amphidromus bozhii Wang, 2019: 300-301, pl. 3, figs a, b. Type locality: Phu
Yen Province, Vietnam.

Material examined. VIETNAM: 10D specimens, Phu Hoa District, Phu Yen Prov-
ince, NMNS-8764-004-NMNS-8764-013 (Fig. 8D, E); 8S specimens, Tuy Hoa
District, Phu Yen Province, NMNS-8764-014-NMNS-8764-021 (Fig. 8F).

Diagnosis. Shell large conical and chirally dimorphic. Shell surface with
coarse growth lines; last whorl nearly absent of spiral depression area and keel.
Genitalia with appendix.

Differential diagnosis. This species is similar to A. ingens in most of the
shell form and sculpture. The distinguishing characters are the shell colour
which is generally rose-pink to dark colour. The last whorl is stained with dark
brown colour below periphery and ~ 1/2 of upper periphery. The shell sculpture
has a very weak spiral depression area and sometimes with or without keel.
This species looks like an intermediate form between A. ingens and A. placosty-
lus. Amphidromus bozhii is also recognised by a distinct clade in the molecular
phylogeny (Fig. 2), with the closest p-distance to A. placostylus in COI (9.61%)
and A. ingens in 16S (2.76%) (Table 2).

Description. Shell large (height 69.1-82.9 mm, width 38.3-42.0 mm), chiral-
ly dimorphic, solid, and ovate conical shape. Spire elongate conical with pale
colour; apex acute without black spot on tip. Whorls 5-7 convex; suture wide
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and depressed; last whorl ovate. Periostracum brownish to thin corneous. Shell
surface generally with irregular and coarse growth lines; very weak to nearly
absent of spiral depression area and keel. Shell colour generally rose-pink to

Figure 6. Living Amphidromus spp A—C Amphidromus ingens Méllendorff, 1900 from Dak Lak, Vietnam D Amphidromus
placostylus Méllendorff, 1900 from Hoai An, An Lao, Binh Dinh, Vietnam E, F Amphidromus ingensoides sp. nov. from
Hon Ba, Khanh Son, Khanh Hoa, Vietham G Amphidromus asperoides sp. nov. from Ea Tu, Buon Ma Thuat city, Dak Lak,
Vietnam H, | Amphidromus buelowi Fruhstorfer, 1905 from Lang-Biang plateau, Lac Duong, Lam Dong, Vietnam J Amphi-
dromus thachi Huber, 2015 from Krong Bong, Dak Lak, Vietnam.
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stained with dark brown colour below and ~ 1/2 of upper periphery. Parietal
callus thickened, white, and dilated at umbilical area. Aperture broadly ovate;
inner side of outer wall with yellow or pale brown colour; peristome thickened,
expanded, and reflexed but not attached to last whorl; lip whitish. Columella
white, straight, or little twisted. Umbilicus imperforate.

Radula. Teeth arranged in anteriorly pointed V-shaped rows. Central tooth
monocuspid and short-spatulate with truncated cusp. Lateral teeth bicuspid;
endocone small, with wide notch and slightly curved and dull cusp; ectocone
large with truncated to blunt cusp. Lateral teeth gradually transformed to asym-
metric tricuspid marginal teeth. Outermost teeth with small and curved cusp on
endocone and ectocone; mesocone large, with curved cusps (Fig. 4C).

Genital organs. Atrium very short. Penis slender, conical, and short ~ 1/2
of vaginal length. Penial retractor muscle thickened and inserting on epiphal-
lus close to penis. Epiphallus long and slender tube. Flagellum short, extend-
ing from epiphallus and terminating in slightly enlarged tube. Appendix short,
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Figure 7. Mitochondrial haplotype minimum spanning networks of Amphidromus ingens Méllendorff, 1900 A COI
and B 16S rRNA. The size of each circle corresponds to the frequency of that haplotype, also shown as the number in
that circle. The bars on the branches indicate the number of mutational steps between haplotypes. Specimen codes

correspond to those in Table 1.
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slender tube, approximately as long as flagellum, and ~ 1/3 of epiphallus
length. Vas deferens slender tube passing from free oviduct and terminating at
epiphallus-flagellum junction (Fig. 9A). Internal wall of penis corrugated, exhib-
iting series of swollen longitudinal penial pilasters forming fringe around penial
wall, and with nearly smooth to weak folds around base of penial verge. Penial
verge conical with nearly smooth surface (Fig. 9B).

Vagina slender, long cylindrical, ~ 2x longer than penis. Gametolytic duct
enlarged cylindrical tube then abruptly tapering to slender tube terminally and
connected to gametolytic sac (missing during dissection). Free oviduct short;

20 mm

Figure 8. Shells of Amphidromus spp A—C Amphidromus asperoides sp. nov. from Ea Tu, Buon Ma Thuat city, Dak Lak,
Vietnam A holotype (NMNS-8764-001) B, C paratypes (NMNS-8764-002 and NHMUK 20230613) D—F Amphidromus
bozhii Wang, 2019 D, E specimens from Phu Hoa, Phu Yen, Vietnam (NMNS-8764-009, NMNS-8764-013) F specimen
from Tuy Hoa, Phu Yen Vietnam (NMNS-8764-014) G—J Amphidromus ingensoides sp. nov G holotype from Cu’Mta,
Mdrak, Dak Lak, Vietham (NMNS-8764-106) H paratype from Cu’Mta, Mdrak, Dak Lak, Vietnam (NHMUK 20230614)
1, J paratypes from Hon Ba, Khanh Son, Khanh Hoa, Vietnam (NMNS-8764-107, NMNS-8764-106).
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Figure 9. Genitalia of Amphidromus spp A—C Amphidromus bozhii Wang, 2019 from Tuy Hoa, Phu Yen, Vietnam (NMNS-
8764-016), showing A general view of genitalia B interior structures of penis C Interior structures of vagina chamber
D, E Amphidromus placostylus Mollendorff, 1900 from Dak Po, Gia Lai, Vietnam (NMNS-8764-217), showing D general
view of genitalia E interior structures of penis and vagina chamber. Red dots indicate the shape of the missing gameto-
lytic sac. Green arrows indicate the genital openings. Abbreviations: ap, appendix; e, epiphallus; fl, flagellum; fo, free ovi-
duct; gd, gametolytic duct; ov, oviduct; p, penis; pp, penial pilaster; pr, penial retractor muscle; pv, penial verge; v, vagina;
vd, vas deferens; vp, vaginal pilaster

oviduct compact, enlarged to form lobule alveoli (Fig. 9A). Internal wall of va-
gina possesses strong corrugated ridges near genital orifice, ridges become
weaker corrugated vaginal pilasters, and swollen with irregularly shaped deep
crenelations close to free oviduct opening (Fig. 9C).
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Haplotype network. There were seven COI haplotypes of A. bozhii in this
study, and the highest number of mutational steps in the COl minimum span-
ning network is ten (Fig. 10).

Distribution. This species is found in Phu Yen Province, Vietnam.

Amphidromus placostylus Mollendorff, 1900
Figs 6D, 9D, E, 11, 12A,13

Amphidromus placostylus Mollendorff, 1900a: 132. Type locality: Phuc-son [Phuc
Son Commune, Tan Yen District, Bac Giang Province, Vietnam]. Pilsbry 1900:
178. Fischer and Dautzenberg 1904: 406. Laidlaw and Solem 1961: 529, 649-
650. Richardson 1985: 38. Schileyko 2011: 51. Sutcharit et al. 2021: fig. 1f.

Amphidromus (Amphidromus) placostylus. Zilch 1953: 138, pl. 25, fig. 41.

Amphidromus johnstanisici Thach & Huber in Thach, 2017: 41, pl. 53, figs 657—
663. Type locality: Kbang District, Gia Lai Province, Central Vietnam. Thach
2021: 65. syn. nov.

Material examined. VIETNAM: Dextral, lectotype of “Amphidromus placostylus”,
SMF 7593 (Fig. 11A); dextral, holotype of “Amphidromus johnstanisici”, MNHN-
IM-2000-33218 (Fig. 11B).

Other material examined. VIETNAM: 4D + 1S specimens, Dak Po District, Gia
Lai Province, NMNS-8764-213-NMNS-8764-217 (Fig. 11C, D); 3D + 1S spec-
imens, Kbang, Gia Lai Province, NMNS-8764-218—-NMNS-8764-221 (Fig. 11E,
F); 4D + 6S specimens, Hoai An, An Lao, Binh Dinh Province, NMNS-8764-222-
NMNS-8764-231 (Fig. 11G~I); 1D specimen, Binh Dinh Province, NMNS-8764-
232; 7D + 14S specimens, Hoai An district, Binh Dinh Province, NMNS-8764-
233-NMNS-8764-253.

Diagnosis. Shell large and chirally dimorphic. Periostracum thick corneous
with greenish brown radial streaks. Shell surface generally smooth. Genitalia
with appendix.

Differential diagnosis. Amphidromus placostylus is similar to A. schombur-
gki (Pfeiffer, 1860) in having greenish to greenish brown radial streaks on peri-
ostracum, but A. placostylus has a larger shell (height up to nearly 80 mm)
with a whitish apertural lip, and A. schomburgki exhibits a relatively smaller
shell (height up to 58 mm) with a purplish apertural lip. Amphidromus placosty-
lus is also similar to A. cambojiensis (Reeve, 1860) in having a relatively large
shell and ovate to elongate conical shape, but A. placostylus possesses a thick
greenish periostracum, uniform whitish shell ground colour, and whitish to dark
brown inner side of outer wall. In comparison, A. cambojiensis possesses a thin
corneous periostracum, with irregular brown to dark brown radial streaks on the
shell ground colour, and a bright purplish pink or violet colour on the inner side
of outer wall. Amphidromus placostylus is also recognised by a distinct clade in
the molecular phylogeny (Fig. 2), with the closest p-distance to A. bozhii in COI
(9.61%) and A. ingens in 16S (4.23%) (Table 2).

Description. Shell large (height 64.6-79.5 mm, width 37.4-42.4 mm), chi-
rally dimorphic, solid, and ovate to elongate conical shape. Spire long conical
with white colour; apex acute without black spot on tip. Whorls 6—7 convex;
suture wide and depressed; last whorl ovate. Periostracum thick corneous or
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Figure 10. Mitochondrial COI haplotype minimum spanning networks of Amphidromus bozhii Wang, 2019. The size of each
circle corresponds to the frequency of that haplotype, also shown as the number in that circle. The bars on the branches
indicate the number of mutational steps between haplotypes. Specimen codes correspond to those in Table 1.

with oblique greenish to greenish brown radial streaks; varix usually absent.
Shell surface generally smooth. Shell ground colour monochrome whitish or
with dark brownish streaks (without periostracum). Parietal callus thickened
and white. Aperture broadly ovate and inner side of outer wall with whitish
to dark brown colour; peristome thickened, expanded, and reflexed but not
attached to last whorl; lip whitish. Columella white, straight, or little twisted.
Umbilicus imperforate.

Radula. Teeth arranged in anteriorly pointed V-shaped rows. Central tooth
monocuspid and trapezoid-spatulate with truncated cusp. Lateral teeth bicus-
pid; endocone small, with wide notch and truncated to slightly curved cusp;
ectocone large with curved to dull cusp. Lateral teeth gradually transformed to
asymmetric tricuspid marginal teeth (Fig. 12A).

Genital organs. Atrium relatively short. Penis slender, conical, and short
~ 1/2 of vaginal length. Penial retractor muscle thin, long, inserting on epiphal-
lus close to penis. Epiphallus long, slender tube. Flagellum long, extending
from epiphallus and weakly coiled at its end. Appendix short, slender tube, 2x
longer than flagellum, and approximately as long as epiphallus. Vas deferens
slender tube passing from free oviduct and terminating at epiphallus-flagellum
junction (Fig. 9D). Internal wall of penis corrugated, exhibiting series of weak
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longitudinal penial pilasters nearly entire inner penis wall. Penial verge short
conical, nearly smooth surface and with opening on the tip (Fig. 9E).

Vagina slender, long cylindrical, and ~ 2x longer than penis. Gametolytic duct
enlarged cylindrical tube then abruptly tapering to slender tube terminally and
connected to gametolytic sac (missing during dissection). Free oviduct short;
oviduct compact, enlarged to form lobule alveoli (Fig. 9D). Internal wall of va-
gina possessing corrugated smooth surface ridges on nearly its entire inner
wall; ridges becoming thinner vaginal pilasters in middle, and with little irregular
shaped and crenelations close to free oviduct opening (Fig. 9E).

Living specimens with soft body morphology generally similar to A. ingens.
Animals with dark reddish body covered with reticulated skin. Foot broad and
long with uniform pale brown colour at foot margin. Head with reddish colour
same as body. Upper and lower tentacles with reddish to orange in colour
(Fig. 6D).

Figure 11. Shells of Amphidromus placostylus Méllendorff, 1900 A lectotype of “Amphidromus placostylus” (SMF 7593)
B holotype of “Amphidromus johnstanisici” (MNHN-IM-2000-33218) C, D specimens from Dak Po, Gia Lai, Vietnam
(NMNS-8764-213, NMNS-8764-215) E, F specimens from Kbang, Gia Lai, Vietnam (NMNS-8764-219, NMNS-8764-221)
G-I specimens from Hoai An, An Lao, Binh Dinh, Vietnam (NMNS-8764-222, NMNS-8764-227, NMNS-8764-231). Credit:
M Caballer, MNHN (B).
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Figure 12. SEM images of the radula A Amphidromus placostylus Mollendorff, 1900 from Dak Po, Gia Lai, Vietnam
(NMNS-8764-217) B Amphidromus buelowi Fruhstorfer, 1905 from Mount Singgalang, Sepuluh Koto, Tanah Datar Regen-
cy, West Sumatra, Indonesia (NMNS-8764-024) C Amphidromus thachi Huber, 2015 from Buon Don, Dak Lak, Vietnam
(NMNS-8764-271). Central teeth are marked in yellow. The left and right images show the outer and inner sections of
each radula, respectively.

Distribution. The distribution range of the species covers Bac Giang, Binh
Dinh and Gia Lai provinces, Vietnam.

Remarks. As the original description did not explicitly designate a type or
state that the description of this species was based on a single specimen (nor
could this be inferred), the designation of a holotype by Zilch (1953) in fact
constitutes a lectotype designation (ICZN 1999: Art. 74.6).

This species is known only from a single worn-out lectotype, and the remain-
ing periostracum is only traceable behind the apertural lip. Later, Thach and
Huber in Thach (2017) introduced A. johnstanisici, which is described to differ
from A. placostylus by the presence of prominent subsutural bands, larger aper-
ture, more voluminous body whorl with dark brown colour, and parietal wall not
bordered by a black band. However, both type materials of A. johnstanisici and
A. placostylus, and all the specimens examined herein, especially ones from
the type locality of A. johnstanisici, possess both subsutural bands and a black
band that borders the parietal wall to some extent. These specimens and the
holotype of A. johnstanisici also match well with the lectotype of A. placostylus
in shell and apertural shape, and the periostracum colour. Thus, A. johnstanisici
is regarded herein as a junior subjective synonym of A. placostylus. The perio-
stracum colour can vary from greenish to greenish brown in the younger adult
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Figure 13. Bayesian phylogeny of Amphidromus placostylus Mdllendorff, 1900 based on mitochondrial COl and 16S
genes. Nodal support values are given as SH-aLRT/aBayes/ultra-fast bootstrap (IQ-TREE, ML)/posterior probability (Mr-
Bayes, BI). An asterisk on each branch indicates a clade with all well-supported values (SH-aLRT = 80%, aBayes = 0.95,
BS > 95%, PP > 0.95).

specimens (with thinner apertural lip), while the aged adult specimens (with
thicker apertural lip) tend to have yellowish brown to eroded periostracum.
This species also exhibits a prominent population genetic structure, where
specimens from the same collecting locality form its own clade (Fig. 13). The
COl intraspecific distance among all A. placostylus specimens is 5.47%, which
is the third highest distance of all Amphidromus species in this study. This value
is higher than the optimum intra/interspecific threshold value of 4% for stylom-
matophoran land snails (Davison et al. 2009). In addition, the 16S intraspecific
distance among all A. placostylus specimens is 3.14%, which is the second high-
est distance of all Amphidromus species in this study. Although each clade con-
stitutes the specimens with the same inner shell colour (Fig. 13), all specimens
still have other congruent shell morphology as stated above. We thus refrain
from treating each pool of samples from the same collecting locality as a dis-
tinct taxon, before more specimens from each locality are critically examined.

Amphidromus ingensoides Jirapatrasilp & Lee, sp. nov.
https://zoobank.org/BB594FC7-4E23-432C-AAA9-FE4AC27BBB633
Figs 6E, F, 8G-J, 14A-C

Diagnosis. Shell large and chirally dimorphic. Shell surface with coarse growth
lines crossed by weak spiral ridges. Genitalia with appendix.
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Differential diagnosis. The new species differs from the closely related A. in-
gens and A. bozhii in having a generally rounded last whorl, and coarse growth
lines crossed with weak spiral ridges. In comparison, the two latter species
having a depression area below suture and prominent blunt or keeled on periph-
ery of the last whorl, and having only irregular growth lines on the shell surface.
In addition, this new species is recognised by a distinct clade in the molecular
phylogeny (Fig. 2), with the closest p-distance to A. bozhii in COI (9.99%) and
A. ingens in 16S (4.19%) (Table 2).

Etymology. The specific epithet ingensoides is from ingens, and the suffix
—oideus, meaning ‘like or resembling’. This name refers to the resemblance in
shell morphology of the new species to the nominal species A. ingens.

Type material. Holotype. VIETNAM: dextral, shell height 62.1 mm, shell width
36.9 mm, with 6% whorls, 13 Dec. 2016, coll. A. N. Pham (NMNS-8764-105,
Fig. 8G). Paratypes. VIETNAM: 1S specimen (NHMUK 20230614, Fig. 8H) from
the type locality, 19 Sep. 2016, coll. A. N. Pham; 1D + 1S specimens, Hon Ba,
Khanh Son District, Khanh Hoa Province, NMNS-8764-106, NMNS-8764-107, 31
Mar. 2017, coll. A. N. Pham (Fig. 81, J).

Type locality. VIETNAM: Cu'Mta ward, Mdrak District, Dak Lak Province,
12°42'22.9"N, 108°45'13.9"E.

Description. Shell large (height 54.3-67.0 mm, width 32.8-36.8 mm), chi-
rally dimorphic, solid, and ovate conical shape. Spire long conical to elongate
conical, apex acute without black spot on tip. Whorls 5-7 convex; suture wide
and depressed; last whorl well rounded to slightly angulated. Periostracum
brownish to thin corneous; varix usually absent. Shell surface generally with
coarse and irregular growth lines crossed by weak spiral ridges. Shell colour
variable: monochrome (whitish, yellowish, tinted pink) to stained with dark
brown to blackish below periphery. Parietal callus thickened and white, dilated
at umbilical area. Aperture broadly ovate; inner side of outer wall with yellow or
dark brown to blackish colour. Peristome thickened, expanded and reflexed but
not attached to last whorl, lip whitish. Columella white, straight, or little twisted.
Umbilicus imperforate.

Genital organs. Atrium relatively short. Penis slender, conical, and short ~
1/3 of vaginal length. Penial retractor muscle thickened, short and inserting
on epiphallus close to penis. Epiphallus long, slender tube, coiled and twist-
ed upon itself. Flagellum long, extending from epiphallus and terminating in
slightly enlarged folded coil. Appendix short, slender tube, ~ 2x longer than
flagellum, and approximately as long as epiphallus. Vas deferens slender tube
passing from free oviduct and terminating at epiphallus-flagellum junction
(Fig. 14A). Internal wall of penis corrugated, exhibiting series of prominent
and swollen longitudinal penial pilasters forming fringe around penial wall,
and with strong roughly surface around base of penial verge. Penial verge
short conical with weak roughly surface, and with opening at the tip (Fig. 14B).

Vagina slender, long cylindrical, and ~ 3x longer than penis. Gametolytic duct
enlarged cylindrical tube then abruptly tapering to slender tube terminally and
connected to gametolytic sac (missing during dissection). Free oviduct short;
oviduct compact and enlarged to form lobule alveoli (Fig. 14A). Internal wall of
vagina possessing corrugated and deep crenelated ridges on nearly its entire
vagina wall; ridges slightly smooth surface near genital orifice then becoming
prominent vaginal pilasters in middle and close to free oviduct opening (Fig. 14C).
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Figure 14. Genitalia of Amphidromus spp A—C Amphidromus ingensoides sp. nov. from Hon Ba, Khanh Son, Khanh Hoa,
Vietnam (NMNS-8764-107), showing A general view of genitalia B interior structures of penis C interior structures of
vagina chamber D—F Amphidromus buelowi Fruhstorfer, 1905 from Nha Trang, Khanh Hoa, Vietham (NMNS-8764-031),
showing D general view of genitalia E interior structures of penis F interior structures of vagina chamber. Red dots indi-
cate the shape of the missing gametolytic sac. Green arrows indicate the genital openings. Abbreviations: ap, appendix;
e, epiphallus; fl, flagellum; fo, free oviduct; gd, gametolytic duct; gs, gametolytic sac; ov, oviduct; p, penis; pp, penial pilas-
ter; pr, penial retractor muscle; pv, penial verge; v, vagina; vd, vas deferens; vp, vaginal pilaster

Living specimens with soft body morphology generally similar to A. ingens.
Animals with pale yellowish body covered with reticulated skin, anterior body
usually with dark reticulated strip dorsally. Foot broad and long, and with nar-
row and orange colour stripe above foot margin. Head with orange patch cov-
ering tentacles. Upper and lower tentacles orange to paler in colour (Fig. 6E, F).
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Distribution. This species is found in Dak Lak and Khanh Hoa provinces,
Vietnam.

Remarks. As a small number of specimens were dissected, this new species
seems to have a vagina shorter than penis + epiphallus length, while A. ingens
and A. bozhii have a vagina almost as long as penis + epiphallus. In addition,
A. ingensoides sp. nov. possesses a longer appendix than the geographically
closer species A. ingens from M'drak District, Dak Lak Province.

Amphidromus buelowi Fruhstorfer, 1905
Figs 6H, 1, 12B, 14D-F, 15, 16

Amphidromus (Goniodromus) biilowi Fruhstorfer, 1905: 83-84, pl. 1, fig. 2. Type lo-
cality: West-Sumatra. Rolle 1908: 67. Laidlaw and Solem 1961: 587, 606, fig. 37.

Amphidromus bilowi. Dautzenberg and Fischer 1906: 365-366, pl. 8, figs 10—
12. Degner 1928: 360. Benthem Jutting 1959: 165.

Amphidromus (Goniodromus) asper Haas, 1934: 96, figs 11, 12. Type locality:
Siid-Annam, 120 km von der Kiiste, auf dem Wege zum Plateau von Lang-Bi-
an, zw. 600—-1000 m [South Annam, 120 km from the coast, on the way to the
plateau of Lang-Bian, between 600-1000 m]. Laidlaw and Solem 1961: 588,
601. Zilch 1953: 138, pl. 25, fig. 44. syn. nov.

Amphidromus asper. Schileyko 2011: 49. Pall-Gergely et al. 2020: 49, 51, fig. 15.
Thach 2020a: pl. 76, fig. 893 right.

Amphidromus bulowi [sic]. Huber 2015: figs 9, 10. Sutcharit et al. 2015: 61, fig. 4e.

Amphidromus (Goniodromus) bulowi bulowi [sic]. Parsons and Abbas 2016:
240-242, figs 4 bottom, 5, 63, b, d, 7.

Amphidromus franzhuberi Thach, 2016: 64-65, fig. 42; pl. 23, figs 315-319.
Type locality: along the border of Nha Trang outskirts and Khanh Vinh Dis-
trict, Khanh Hoa Province (Central Vietnam). Pall-Gergely et al. 2020: 50,
fig. 14. Thach 2020a: 58, pl. 76, fig. 893 left. Thach 2021: 60 syn. nov.

Amphidromus buelowi. Pall-Gergely et al. 2020: fig. 16.

Material examined. INDONESIA: Sinistral, lectotype of “Amphidromus buelowi”,
NHMUK 1910.12.30.98 (Fig. 15A). VIETNAM: Dextral, holotype of “Amphidromus
asper”, SMF 7762 (Fig. 15B). Dextral, holotype of “Amphidromus franzhuberi”,
MNHN-IM-2000-31892 (Fig. 15C).

Other material examined. INDONESIA: 2D specimens, Padang Sokeli, Sin-
galang, RBINS I.G. 10591/1-2 (Fig. 15D); 4D specimens, Mount Singgalang,
Sepuluh Koto, Tanah Datar Regency, West Sumatra, NMNS-8764-022-NMNS-
8764-025 (Fig. 15E).

VIETNAM: 2D specimens, Lang-Biang, Annam, RBINS |.G. 10591/3-4
(Fig. 15F); 2D specimens, Lang-Biang plateau, Lac Duong District, Lam
Dong Province, NMNS-8764-026, NMNS-8764-027 (Fig. 15G); 6D + 1S spec-
imens, Nha Trang, Khanh Hoa Province, NMNS-8764-028—-NMNS-8764-034
(Fig. 15H, 1).

Diagnosis. Shell large and chirally dimorphic. Shell colour with irregularly
zigzag of dark radial streaks, and dark triangular blotches. Aperture elliptical
ovate with more or less prominent anterior notch and umbilical hump; twisted
columella plait. Genitalia with appendix.
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Figure 15. Shells of Amphidromus buelowi Fruhstorfer, 1905 A lectotype of “Amphidromus buelowi” (NHMUK 1910.12.30.98)
B holotype of “Amphidromus asper” (SMF 7762) C holotype of “Amphidromus franzhuberi” (MNHN-IM-2000-31892) D speci-
men from Padang Sokeli, Singalang, Indonesia (RBINS 1.G. 10591) E specimen from Mount Singgalang, Sepuluh Koto, Tanah
Datar Regency, West Sumatra, Indonesia (NMNS-8764-025) F specimen from Lang-Biang, Annam, Vietnam (RBINS I.G. 10591)
G specimen from Lang-Biang plateau, Lac Duong, Lam Dong, Vietnam (NMNS-8764-027) H, | specimen from Nha Trang,
Khanh Hoa, Vietnam (NMNS-8764-030, NMNS-8764-031). Credit: H. Taylor, NHM (A), M. Caballer, MNHN (C), RBINS (D, F).

Differential diagnosis. Amphidromus buelowi differs from the similar
species A. asperoides sp. nov. in having a distinct twisted columella plait, a
prominent umbilical hump encircling columellar area, and an apertural notch
projecting anteriorly. In contrast, A. asperoides sp. nov. possesses a straight
columella, and without apertural notch and umbilical hump. In addition, on the
soft body of living snail, the entire body of A. buelowi is reddish orange, while
A. asperoides sp. nov. exhibits a uniform brownish yellow to pale brown body.
Amphidromus buelowi is also recognised by a distinct clade in the molecular
phylogeny (Fig. 2), with the closest p-distance to A. ingens in COI (12.23%) and
A. asperoides sp. nov. and A. ingens in 16S (4.61%) (Table 2).
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Description. Shell large (height 45.3-51.1 mm, width 26.2-26.6 mm), chirally
dimorphic, solid, and ovate conical. Spire conical with white or pale colour; apex
acute without black spot on tip. Whorls 6-7 little convex to smooth; suture wide
and shallow; last whorl well rounded to slightly elongated and with more or less
prominent umbilical hump. Periostracum thin corneous; varices generally pres-
ent. Shell ground colour pale yellowish, decorated with irregular zigzag of dark
radial streaks, and dark triangular blotches connected with dark streaks. Parietal
callus thickened, white and much thinner in central area. Aperture elliptical ovate;
with more or less anterior notch; inner side of outer wall whitish colour; peristome
thickened, expanded, and reflexed but not attached to last whorl; lip whitish. Col-
umella white, straight and with distinct twisted plait. Umbilicus imperforate.

Radula. Teeth arranged in anteriorly pointed V-shaped rows. Central tooth
monocuspid and slightly elongate-spatulate teeth with truncated cusp. Later-
al teeth bicuspid; endocone curved with wide notch and blunt cusp; ectocone
large with truncated cusp. Lateral teeth gradually transformed to asymmetric
tricuspid marginal teeth. Outermost teeth with small and curved cusp on ecto-
cone, and endocone and mesocone with curved cusps (Fig. 12B).

Genital organs. Atrium relatively short. Penis slender, conical, and nearly as
long as vagina. Penial retractor muscle inserting on epiphallus close to penis.
Epiphallus long, slender tube, and almost same diameter as penis. Flagellum
short, extending from epiphallus and terminating in slightly enlarged folded
coil. Appendix short, thin tube, 3x longer than flagellum, and approximately as
long as epiphallus. Vas deferens slender tube passing from free oviduct and
terminating at epiphallus-flagellum junction (Fig. 14D). Internal wall of penis
corrugated, exhibiting series of thickened and swollen longitudinal penial pilas-
ters forming fringe around penial wall, and with weaker folds around base of
penial verge. Penial verge short conical with nearly smooth surface (Fig. 14E).

.....................................................
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Figure 16. Mitochondrial haplotype minimum spanning networks of Amphidromus buelowi Fruhstorfer, 1905 A COI and
B 16S rRNA. The size of each circle corresponds to the frequency of that haplotype, also shown as the number in that
circle. The bars on the branches indicate the number of mutational steps between haplotypes. Specimen codes corre-
spond to those in Table 1.
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Vagina slender, long cylindrical, and ~ 2x longer than penis. Gametolytic duct
enlarged cylindrical tube then abruptly tapering to long, slender tube terminally,
connected to elongate gametolytic sac. Free oviduct short; oviduct compact,
enlarged to form lobule alveoli (Fig. 14D). Internal wall of vagina possessing
corrugated ridges near genital orifice; ridges becoming thinner and smooth
longitudinal vaginal pilasters in middle, swollen with irregularly shaped deep
crenelations close to free oviduct opening (Fig. 14F).

Living specimens with soft body morphology generally similar to A. ingens.
Animals with reddish orange body covered with reticulated skin. Lateral of body
vary from yellowish (in younger specimen) to dark reddish orange colour (older
specimens). Foot broad and long with reddish orange colour near foot sole
margin. Head and dorsal of anterior body with reddish orange to dark colour.
Upper tentacles pale reddish orange to brownish; lower tentacles short and
paler in colour (Fig. 6H, I).

Haplotype network. There was a total of four COI haplotypes (Fig. 16A) and
three 16S haplotypes (Fig. 16B) of A. buelowi in this study, and the highest
numbers of mutational steps in the COl and 16S minimum spanning networks
are ten and one, respectively.

Distribution. The species has a widely disjunct distribution: one in Mount
Singgalang, West Sumatra, Indonesia, and some localities in Khanh Hoa and
Lam Dong provinces, South Vietnam.

Remarks. This species was originally described by Fruhstorfer (1905) from
four chirally dimorphic specimens from West Sumatra. Fruhstorfer (1905) also
indicated that there was a similar species collected on the way to the Lang-Bian
plateau, ~ 120 km inland from the coast in southern Vietnam. He sent one spec-
imen from this locality to O.F. von Méllendorff, who did not describe or taxonom-
ically treat this specimen any further. Later, Haas (1934), recognising that there
were some differences in shell characters to A. buelowi, described this particu-
lar specimen (now deposited in SMF) as a new species, A. asper. Thach (2016)
also described a similar species, A. franzhuberi from the border of Nha Trang,
Vietnam, which is described to differ from A. buelowi in having a broader shell
shape, more swollen body whorls, a less excavated base, a more inflated spire,
a rounded anterior end of the outer lip, and monomorphic dextrality (just from
four type series). However, Thach (2016) did not compare with A. asper from
the nearby area. In this study, the samples from Nha Trang exhibit dimorphic
chirality (the specimen lot containing both sinistral and dextral shell coiling; Fig.
15H, 1), and upon examining the type specimens of A. asper and A. franzhuberi,
they agree well with the type specimen of A. buelowi in having the common di-
agnostic traits of a distinct twisted columella plait, a prominent umbilical hump,
and a distinct apertural notch. The molecular phylogeny also revealed that all
specimens from Mount Singgalang, West Sumatra, Indonesia, and Lang-Biang
plateau and Nha Trang, Vietnam belong to the same clade. The mutational steps
between Indonesian and Vietnamese specimens are only ten and one in the COI
and 16S haplotype networks, respectively (Fig. 16). Based on the phylogenetic
analyses and the common morphological diagnostics, we therefore treat A. as-
per and A. franzhuberi as junior subjective synonyms of A. buelowi.

Biilow (1905) introduced the monotypic subgenus Goniodromus to include
A. buelowi, based on a less ovate aperture with an apertural notch projecting
anteriorly. Later, Laidlaw and Solem (1961), although with doubt, listed Go-
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niodromus as one of the three subgenera of Amphidromus, and included two
more species, A. asper and A. mirandus Bavay & Dautzenberg, 1912. Another
species, A. thachi, also possesses an aperture with prominent anterior notch
(Fig. 17). However, these three species, A. buelowi (and its synonyms A. asper
and A. franzhuberi), A. thachi, and A. mirandus did not together form a clade
(Fig. 2; C-TL, unpublished data), revealing that an apertural anterior notch is
not a shared derived character. Thus, the subgenus Goniodromus is regarded
herein as a junior subjective synonym of the subgenus Amphidromus.

Amphidromus thachi Huber, 2015
Figs 6J,12C, 17,18A-D, 19

Amphidromus thachi Huber, 2015: 29-30, figs 1-8. Type locality: outskirts of
Nha Trang area, about 30 km southeast of Nha Trang city (Cam Lam District,
Khanh Hoa Province, central Vietnam), at some distance from the village and
the National Road No 1A. Thach 2017: 47-48, pl. 53, fig. 668. Thach 2018: pl.
70, figs 838, 839. Thach 2021: 79.

Amphidromus thachi krisi Thach, 2018: 63-64, pl. 70, figs 833—-837. Type local-
ity: Lac Duong District, Lam Dong Province, South Vietnam. Thach 2021: 79.

Material examined. VIETNAM: Dextral, holotype of “Amphidromus thachi”, RBINS
MT.3381 (Fig. 17A).

Other material examined. VIETNAM: 1D + 1S specimens, fin de la route de
Hon Ba (chalets de Yersin), Commune de Suoi Cat, Province de Khanh Hoa,
Vietnam, MNHN- IM-214-6873 (Fig. 17B, C); 1D specimen, réserve de Hon Ba,
prés du chalet de Yersin, Commune de Suoi Cat, Province de Khanh Hoa, Viet-
nam, MNHN- IM-214-6874; 3D + 1S specimens, Vinh Thanh town, Binh Dinh
Province, NMNS-8764-266—-NMNS-8764-269 (Fig. 17D); 1D + 1S specimens,
Buon Don District, Dak Lak Province, NMNS-8764-270, NMNS-8764-271 (Fig.
17E); 1S specimen, Da Lat city, Lam Dong Province, NMNS-8764-272 (Fig. 17F);
2D specimens, Krong Bong, Dak Lak Province, NMNS-8764-273, NMNS-8764-
274; 2D specimens, Lac Duong District, Lam Dong Province, NMNS-8764-264,
NMNS-8764-265 (Fig. 17G, H).

Diagnosis. Shell medium and chirally dimorphic. Aperture obliquely elliptical
with prominent anterior notch; columella bending anteriorly. Parietal callus, lip
and columella whitish or with dark brown. Genitalia with appendix.

Differential diagnosis. Amphidromus thachi is unique compared to all Viet-
namese species reported by Schileyko (2011) in having a distinct shell shape,
possessing an obliquely elliptical aperture with a prominent anterior notch, a
columella bending anteriorly, and whitish or dark brown parietal callus, lip and
columella. This type of shell form is similar to that of Pseudopartula Pfeiffer,
1856 (Benthem Jutting 1950). Amphidromus thachi is also recognised by a dis-
tinct clade in the molecular phylogeny (Fig. 2), with the closest p-distance to
A. asperoides sp. nov. in both COI (12.69%) and 16S (6.22%) (Table 2).

Description. Shell medium (height 25.0-30.0 mm, width 17.0-18.5 mm),
chirally dimorphic, thin to slightly thickened, and conical. Spire short con-
ical with white or pale colouration; apex acute without black spot on tip.
Whorls 6-7 little convex to smooth; suture wide and shallow; last whorl well
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rounded to slightly elongated and with less prominent umbilical hump. Peri-
ostracum thin corneous; varices absent. Shell colour uniform whitish to pale
cream; subsutural band opaque white. Parietal callus thickened, whitish and
translucent or dark to dark brown. Aperture elliptical to obliquely elliptical
with prominent anterior notch; inner side of outer wall whitish; peristome
thickened, slightly expanded not reflected; lip whitish or with dark to dark
brown. Columella whitish or dark, shortly straight then bending anteriorly.
Umbilicus imperforate.

Radula. Teeth arranged in anteriorly pointed V-shaped rows. Central tooth
monocuspid and spatulate with truncated cusp. Lateral teeth bicuspid; endo-
cone slightly smaller than ectocone, curved, with wide notch and dull cusp; ec-
tocone large with curved to dull cusp. Lateral teeth gradually transformed to
asymmetric tricuspid marginal teeth. Outermost teeth with small and curved
cusp on ectocone; endocone and mesocone with curved cusps (Fig. 12C).

Figure 17. Shells of Amphidromus thachi Huber, 2015 A holotype of “Amphidromus thachi” (RBINS MT.3381) B, C specimens
from fin de la route de Hon Ba (chalets de Yersin), Commune de Suoi Cat, Province de Khanh Hoa, Vietnam (MNHN- IM-214-
6873) D specimen from Vinh Thanh, Binh Dinh, Vietnam (NMNS-8764-267) E Specimen from Buon Don, Dak Lak, Vietnam
(NMNS-8764-271) F specimen from Da Lat, Lam Dong, Vietnam (NMNS-8764-272) G, H specimens from Lac Duong, Lam
Dong, Vietnam (NMNS-8764-265, NMNS-8764-264). Credit: T. Backeljau and S. Yves, RBINS (A), B. Pall-Gergely (B, C).
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Figure 18. Genitalia of Amphidromus spp A—D Amphidromus thachi Huber, 2015 A general view of genitalia of specimen
from Krong Bong, Dak Lak, Vietnam (NMNS-8764-274) B-D specimen from Buon Don, Dak Lak, Vietnam (NMNS-8764-
271), showing B general view of genitalia C interior structures of penis D interior structures of vagina chamber E-G Amphi-
dromus metabletus Méllendorff, 1900 from Nha Trang, Khanh Hoa, Vietnam (NMNS-8764-130), showing E general view of
genitalia F interior structures of penis G interior structures of vagina chamber. Green arrows indicate the genital openings.
Abbreviations: ap, appendix; e, epiphallus; fl, flagellum; fo, free oviduct; gd, gametolytic duct; gs, gametolytic sac; ov, ovi-
duct; p, penis; pp, penial pilaster; pr, penial retractor muscle; pv, penial verge; v, vagina; vd, vas deferens; vp, vaginal pilaster.

Genital organs. Atrium relatively short. Penis slender, conical, and short, ~ 1/2
of vaginal length. Penial retractor muscle thickened and inserting on epiphallus
close to penis. Epiphallus long, slender tube, almost same diameter as penis.
Flagellum short, extending from epiphallus and terminating in weakly coiled.
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Figure 19. Mitochondrial haplotype minimum spanning networks of Amphidromus thachi Huber, 2015 A COl and B 16S rRNA.
The size of each circle corresponds to the frequency of that haplotype, also shown as the number in that circle. The bars on
the branches indicate the number of mutational steps between haplotypes. Specimen codes correspond to those in Table 1.

Appendix short, slender tube, similar length with flagellum, and ~ 1/2 of epiphal-
lus length. Vas deferens slender tube passing from free oviduct and terminating
at epiphallus-flagellum junction (Fig. 18A, B). Internal wall of penis corrugated,
exhibiting series of thickened and smooth surfaced longitudinal penial pilasters
forming fringe around penial wall, and with nearly smooth wall around base of
penial verge. Penial verge short conical with smooth surface (Fig. 18C).

Vagina slender, cylindrical, and ~ 2x longer than penis. Gametolytic organ rel-
atively short than other congeners: gametolytic duct shorter to slightly longer
than vagina, cylindrical tube, then tapering to short, slender tube terminally; ga-
metolytic sac globular shape. Free oviduct short; oviduct compact, enlarged to
form lobule alveoli (Fig. 18A, B). Internal wall of vagina possessing smooth lon-
gitudinal ridges near genital orifice; ridges becoming stronger and corrugated
vaginal pilasters with swollen, irregular shaped and deep crenelations (Fig. 18D).

Living specimens with soft body morphology generally similar to A. ingens.
Animals with whitish to creamy body covered with reticulated skin. Foot broad
and long with uniform whitish to creamy colouration to posterior tail. Head with
whitish or sometimes with yellowish colour. Upper tentacles drumstick-shaped,
greyish to brownish, with dark eyespots on tentacular tips; lower tentacles short
and greyish in colour (Fig. 6J).
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Haplotype network. There was a total of six COI haplotypes (Fig. 19A) and
five 16S haplotypes (Fig. 19B) of A. thachi in this study, and the highest num-
bers of mutational steps in the COl and 16S minimum spanning networks are
26 and eight, respectively.

Distribution. The distribution range of this species covers Binh Dinh, Dak
Lak, Khanh Hoa, and Lam Dong provinces, Vietnam.

Remarks. This species was originally described by Huber (2015) from out-
skirts of Nha Trang, Vietnam. Later, Thach (2018) described another subspe-
cies from Lac Duong, Lam Dong, Vietnam as A. thachi krisi, which was different
from the nominotypical subspecies in having a totally white lip. Based on this
study, the specimens having a totally white lip from Lac Duong, Lam Dong con-
stitutes a distinct clade from the remaining specimens with totally or partially
dark lip, and the mutational steps between these two morphs with different lip
colours are 26 and eight in the COIl and 16S haplotype networks, respectively
(Fig. 19). More specimens from wider distribution range will be needed to as-
sess the taxonomic status of these A. thachi subspecies.

Two dissected specimens were found to have different lengths of the ga-
metolytic duct. The specimen XM2 from Krong Bong, Dak Lak, Vietnam has a
shorter gametolytic duct (Fig. 18A) than the specimen VCD2 from Buon Don,
Dak Lak, Vietnam (Fig. 18B).

Amphidromus metabletus Mollendorff, 1900
Figs 18E-G, 20, 21, 22A, 23

Amphidromus metabletus Mollendorff, 1900b: 22-23. Type locality: Berg “Mutter
und Kind”, Annam [Vietnam)]. Pilsbry 1900: 174-175. Méllendorff 1901: 48-
49. Pilsbry 1901: 168-169, pl. 49, figs 1-4. Laidlaw and Solem 1961: 528, 640.
Solem 1966: 102. Richardson 1985: 29. Thach 2005: 236. Schileyko 2011: 50.

Amphidromus metabletus pachychilus Mollendorff, 1901: 49. Type locality:
Nha-trang, Stid-Annam [Nha Trang, Khanh Hoa Province, Vietnam]. Laidlaw
and Solem 1961: 649. Richardson 1985: 30. Thach 2005: 236, pl. 73, figs 8,
13, 14,18-21. Schileyko 2011: 50.

Amphidromus metabletus insularis Mollendorff, 1901: 49-50. Type locality: In-
sel Bai-min bei Nha-trang. Laidlaw and Solem 1961: 629-630. Richardson
1985: 30. Schileyko 2011: 50.

Amphidromus metableta [sic]. Fischer and Dautzenberg 1904: 406.

Amphidromus metableta pachychilus [sic]. Fischer and Dautzenberg 1904: 406.

Amphidromus metableta insularis [sic]. Fischer and Dautzenberg 1904: 406.

Amphidromus (Amphidromus) metabletus metabletus. Zilch 1953: 137, pl. 24,
fig. 30.

Amphidromus (Amphidromus) metabletus insularis. Zilch 1953: 137, pl. 24, fig. 31.

Amphidromus (Amphidromus) metabletus pachychilus. Zilch 1953: 137, pl. 24,
figs 32—-36; pl. 25, figs 37, 38.

Material examined. VIETNAM: Dextral, lectotype of “Amphidromus metabletus”,
SMF 7583/1 (Fig. 20A); 1S paralectotype of “Amphidromus metabletus”, SMF
122346/1 (Fig. 20B); 2D + 1S paralectotypes of “Amphidromus metabletus”, SMF
122347/3 (Fig. 20C); 2D + 1S paralectotypes of “Amphidromus metabletus”, SMF
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7647/3 (Fig. 20D); 1D + 1S paralectotypes of “Amphidromus metabletus”, SMF
82371/2 (Fig. 20E); 1S, paralectotype of “Amphidromus metabletus”, ANSP 81428
(Fig. 20F). Sinistral, lectotype of “Amphidromus metabletus insularis”, SMF 7585/1
(Fig. 20G). Dextral, lectotype of “Amphidromus metabletus pachychilus” forma tri-
taeniata, SMF 7587/1 (Fig. 20H); 1D, paralectotype of “Amphidromus metabletus
pachychilus” forma flava, SMF 7588/1 (Fig. 20I); 1D, paralectotype of “Amphidro-
mus metabletus pachychilus” forma alba, SMF 122348/1 (Fig. 20J); 1S, paralec-
totype of “Amphidromus metabletus pachychilus” forma trizona, SMF 122350/1
(Fig. 20K); 1S, paralectotype of “Amphidromus metabletus pachychilus” forma
interrupta, SMF 122352/1 (Fig. 20L); 1D, paralectotype of “Amphidromus metable-
tus pachychilus” forma confluens, SMF 122354/1 (Fig. 21A); 1S, paralectotype of
“Amphidromus metabletus pachychilus” forma fusca, SMF 122356/1 (Fig. 21B).

Other material examined. VIETNAM: 4D + 4S specimens, Nha Trang city,
Khanh Hoa Province, NMNS-8764-123-NMNS-8764-130 (Fig. 21C-F); 15D +
4S specimens, Ninh Hoa, Khanh Hoa Province, NMNS-8764-131-NMNS-8764-
149 (Fig. 21G-L).

Diagnosis. Shell medium to large, elongate conical, and chirally dimorphic.
Spire elongate conical; aperture ovate. Genitalia with appendix.

Differential diagnosis. The monochromic form of the chirally dimorphic A. me-
tabletus is similar to A. cochinchinensis (Pfeiffer, 1857) in having a monochrome
whitish yellow shell, but A. cochinchinensis is distinct in having a very little ex-
panded lip, elongate last whorl, and elliptical aperture (Sutcharit et al. 2015).
The banded form is similar to the chirally dimorphic Aegistohadra dautzenbergi
(Fulton, 1899), but A. metabletus has a shell ground colour varying from whitish,
yellowish, to reddish brown, and the shell is without an umbilical hump, while
Ae. dautzenbergi has a ground colour varying from whitish to yellowish and tinted
pink, and the shell sometimes possesses an umbilical hump. Aegistohadra dau-
tzenbergi also has a thinner shell, a more ovate last whorl with an expanded lip
that is not thickened or reflected, a thin parietal callus and a straight columella,
whereas A. metabletus has a thicker shell, a rounder last whorl with an expanded
and usually reflected lip, a thick parietal callus and a curved columella. Moreover,
the genitalia of A. metabletus lack a dart complex, while it is present in all Aegis-
tohadra species (Jirapatrasilp et al. 2022). Amphidromus metabletus is also rec-
ognised by a distinct clade in the molecular phylogeny (Fig. 2), with the closest
p-distance to A. ingens in COI (15.91%) and A. thachi in 16S (10.68%) (Table 2).

Description. Shell medium to large (height 36.5-46.5 mm, width 20.9-
27.2 mm), chirally dimorphic, elongate conical, rather thick and glossy. Spire elon-
gate conical to ovate conical; apex acute, without black spot on tip, and earlier
whorls whitish to tinted pink. Whorls 6—7 convex to smooth; suture wide and shal-
low; last whorl well rounded. Periostracum thin corneous; varix usually absent.
Shell ground colour varying from whitish, yellowish to reddish brown; banding pat-
tern variable from non-banded (monochrome colour) to narrow to wide multiple
reddish brown spiral bands on whitish or yellowish ground colour. Parietal callus
slightly thickened, whitish or transparent. Aperture ovate; peristome expanded and
not reflected; lip whitish. Columella straight, thick or thin. Umbilicus imperforate.

Radula. Teeth arranged in anteriorly pointed V-shaped rows. Central tooth
monocuspid and short spatulate with truncated cusp. Lateral teeth bicuspid; en-
docone small, with wide notch and blunt cusp; ectocone large with blunt cusp. Lat-
eral teeth gradually transformed to asymmetric tricuspid marginal teeth (Fig. 22A).
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Figure 20. Shells of Amphidromus metabletus Mollendorff, 1900 A lectotype of “Amphidromus metabletus” (SMF 7583)
B-F paralectotypes of “Amphidromus metabletus” B SMF 122346 C SMF 122347 D SMF 7647 E SMF 82371 F ANSP
81428 G lectotype of “Amphidromus metabletus insularis” (SMF 7585) H lectotype of “Amphidromus metabletus pachy-
chilus” forma tritaeniata (SMF 7587) | paralectotype of “Amphidromus metabletus pachychilus” forma flava (SMF 7588)
J paralectotype of “Amphidromus metabletus pachychilus” forma alba (SMF 122348) K paralectotype of “Amphidromus
metabletus pachychilus” forma trizona (SMF 122350) L paralectotype of “Amphidromus metabletus pachychilus” forma
interrupta (SMF 122352). Credit: ANSP (F).

Genital organs. Atrium relatively short. Penis slender, and short ~ % of vagi-
nal length. Penial retractor muscle thin, long and inserting on epiphallus close
to penis. Epiphallus long, slender tube, and almost same diameter as penis.
Flagellum short, extending from epiphallus and terminating in slightly enlarged
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Figure 21. Shells of Amphidromus metabletus Mdllendorff, 1900 A paralectotype of “Amphidromus metabletus pachy-
chilus” forma confluens (SMF 122354) B paralectotype of “Amphidromus metabletus pachychilus” forma fusca (SMF
122356) C-F specimens from Nha Trang, Khanh Hoa, Vietnam (NMNS-8764-123, NMNS-8764-125, NMNS-8764-127,
NMNS-8764-129) G-L specimens from Ninh Hoa, Khanh Hoa, Vietnam (NMNS-8764-136, NMNS-8764-143, NMNS-8764-
144, NMNS-8764-146, NMNS-8764-147, NMNS-8764-149).

folded coil. Appendix long, slender tube, ~ 3x longer than flagellum, and ap-
proximately as long as epiphallus. Vas deferens slender tube passing from free
oviduct and terminating at epiphallus-flagellum junction (Fig. 18E). Internal wall
of penis corrugated, exhibiting series of swollen and smooth surfaced longitu-
dinal penial pilasters forming fringe around entire penial wall. Penial verge very
short conical with smooth surface (Fig. 18F).
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Vagina slender, long cylindrical, and ~ 4x longer than penis. Gametolytic duct
very long cylindrical tube then abruptly tapering to slender tube terminally and
connected to globular gametolytic sac. Free oviduct short; oviduct compact,
forming lobule alveoli (Fig. 18E). Internal wall of vagina possessing corrugated
ridges with wide crenelations on its entire vagina wall; ridges becoming stron-
ger corrugated close to free oviduct opening (Fig. 18G).

Haplotype network. There were 12 COI haplotypes (Fig. 23A) and six 16S
haplotypes (Fig. 23B) of A. metabletus in this study, and the highest numbers
of mutational steps in the COl and 16S minimum spanning networks are seven
and two, respectively.

Distribution. This species is found in Khanh Hoa Province, Vietnam.

Remarks. One species that was described earlier, A. cochinchinensis was
originally described from “Cochin China”, the old geographic usage which
is now interpreted as southern Vietnam, and this species was known only
from the type materials (Sutcharit et al. 2015). This species is similar to
A. metabletus, which is described from the same vicinity. The further in-
clusion of A. cochinchinensis-like specimens from southern Vietnam into
the phylogenetic analyses will help clarify the taxonomic statuses of these
two species.

TPt AL 7 e (BRALS" ) TP A0 UM 7o [TV REREI
Figure 22. SEM images of the radula A Amphidromus metabletus Mollendorff, 1900 from Nha Trang, Khanh Hoa, Vietnam
(NMNS-8764-130) B Amphidromus madelineae Thach, 2020 from Duy Xuyen, Quang Nam, Vietnam (NMNS-8764-110)
C Amphidromus costifer Smith, 1893 from Ea Sup, Dak Lak, Vietnam (NMNS-8764-048). Central teeth are marked in yel-

low. The left and right images show the outer and inner sections of each radula, respectively.
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Figure 23. Mitochondrial haplotype minimum spanning networks of Amphidromus metabletus Méllendorff, 1900 A COI
and B 16S rRNA. The size of each circle corresponds to the frequency of that haplotype, also shown as the number in
that circle. The bars on the branches indicate the number of mutational steps between haplotypes. Specimen codes
correspond to those in Table 1.

Mollendorff (1901) introduced several subspecies and shell forms. However,
these forms could not be differentiated by mtDNA (COI and 16S rRNA) and
some shell morphs with different colours and patterns belong to the same mtD-
NA haplotype (Fig. 23).

Amphidromus haematostoma Mollendorff, 1898
Figs 24A-G, 25A, B, 26

Amphidromus haematostoma Mollendorff, 1898: 74-75. Type locality: Boloven
[Boloven Plateau, Champasak, Laos]. Pilsbry 1900: 182-183. Mdllendorff
1901: 50. Pilsbry 1901: 169. Fischer and Dautzenberg 1904: 406. Richardson
1985: 19. Schileyko 2011: 51. Inkhavilay et al. 2019: 91, figs 43f, 44a-c.

Amphidromus haematostoma var. viridis Mollendorff, 1898: 75. Type locality:
Boloven. Pilsbry 1900: 183. Fischer and Dautzenberg 1904: 406.

Amphidromus haematostoma var. varians Mollendorff, 1898: 75. Type locality:
Boloven. Pilsbry 1900: 183. Fischer and Dautzenberg 1904: 406.
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Amphidromus (Syndromus) haematostoma. Zilch 1953: 132, pl. 22, figs 4, 5.
Inkhavilay et al. 2017: 34-35, figs 130-r.

Amphidromus haematostomus [sic]. Laidlaw and Solem 1961: 527, 625.

Amphidromus haematostomus [sic] varians. Laidlaw and Solem 1961: 668.

Amphidromus haematostomus [sic] viridis. Laidlaw and Solem 1961: 670.

Amphidromus haematostoma varians. Richardson 1985: 19.

Amphidromus haematostoma viridis. Richardson 1985: 19.

Amphidromus (Syndromus) haematostomus [sic]. Lehmann and Maassen
2004: 20.

Amphidromus attapeuensis Thach & Huber in Thach, 2017: 37-38, figs 573-
578. Type locality: Attapeu Province, southeast of Laos, close to Vietnam
border. Thach 2020a: 51, 52. Thach 2021: 55.

Material examined. LAOS: Sinistral, lectotype of “Amphidromus haematostoma
var. viridis”, SMF 7559/1 (Fig. 24A); sinistral, lectotype of “Amphidromus hae-
matostoma var. varians”, SMF 7561/1 (Fig. 24B); sinistral, holotype of “Amphi-
dromus attapeuensis”, NHMUK 20170278 (Fig. 24C).

Other material examined. LAOS: 5S specimens, Xe Pian village, Paksong
District, Champasak Province, CUMZ 10217 (Inkhavilay et al. 2019: fig. 44a);
two lots in W.J.M. Maassen Collection (8S specimens and 14S specimens),
Boloven Plateau, Paksong District, Champasak; 4S specimens, Samphanh Dis-
trict, Phongsali Province, NMNS-8764-053-NMNS-8764-056 (Fig. 24D); 20S
specimens, Ba Chien, Pakse District, Champasak Province, NMNS-8764-057—
NMNS-8764-076 (Fig. 24E, F).

VIETNAM: 5S specimens, Kbang District, Gia Lai Province, NMNS-8764-
077NMNS-8764-081 (Fig. 24G).

Diagnosis. Shell medium and sinistral. Parietal callus, lip and columella with
bright to dark rose-pink. Varix sometimes present. Genitalia without appendix.

Differential diagnosis. Amphidromus haematostoma differs from the simi-
lar sinistral species A. madelineae in having a whitish apex, slightly thickened
parietal callus with pale to dark rose-pink colouration, while A. madelineae has
tinted pink ~ 1-2 whorls from apex, and thin transparent parietal callus. This
species also differs from the similar A. roseolabiatus in that the latter has a
chirally dimorphic shell, a whitish apex and the genitalia with a very long ap-
pendix. The molecular phylogeny in this study reveals that A. haematostoma
is a distinct clade from its sister A. madelineae (Fig. 2). The COl and 16S p-dis-
tances between A. haematostoma and A. madelineae are 13.93% and 6.04%,
respectively (Table 2).

Description. Shell medium (height 23.8-35.4 mm, width 13.3-21.0 mm),
sinistral, ovate conical, rather thin and glossy. Spire elongate conical; apex
acute, without black spot on tip, and earlier whorls whitish. Whorls 6-7 con-
vex to smooth; suture wide and depressed; last whorl well rounded. Periostra-
cum thick corneous or with green to greenish yellow colour; varix occasionally
present. Shell ground colour white or yellowish colour (without periostracum);
dark yellow subsutural band and a band at around umbilicus usually present
(rarely indistinguishable). Parietal callus thickened with bright to dark rose-
pink colour. Aperture broadly ovate and inner side of outer wall whitish; peri-
stome little thickened, expanded, and weakly reflexed but not attached to last
whorl; lip bright to dark rose-pink colour and with little darker colour at the
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10 mm

Figure 24. Shells of Amphidromus spp A—G Amphidromus haematostoma Mollendorff, 1898 A Lectotype of “Amphidromus
haematostoma var. viridis” (SMF 7559) B lectotype of “Amphidromus haematostoma var. varians” (SMF 7561) C holotype
of “Amphidromus attapeuensis” (NHMUK 20170278) D specimen from Samphanh, Phongsali, Laos (NMNS-8764-056)
E, F specimens from Ba Chien, Pakse, Champasak, Laos (NMNS-8764-064, NMNS-8764-076) G specimen from Kbang,
Gia Lai, Vietnam (NMNS-8764-080) H-M Amphidromus madelineae Thach, 2020 H holotype of “Amphidromus madeline-
ae” (MNHN-IM-2000-35566) I, J Specimens from Duy Xuyen, Quang Nam, Vietnam (NMNS-8764-112, NMNS-8764-108)
K—M specimens from Za Hung, Dong Giang, Quang Nam, Vietnam (NMNS-8764-114, NMNS-8764-118, NMNS-8764-122).

edge. Columella bright to dark rose-pink colour, straight, or little twisted. Um-
bilicus imperforate.

Genital organs. Atrium relatively short. Penis slender, conical, and short ~
1/3 of vaginal length. Penial retractor muscle thickened, long and inserting on
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epiphallus close to penis. Epiphallus stout tube and approximately as long as
vagina. Flagellum short, extending from epiphallus and terminating in curved
tip; appendix absent. Vas deferens slender tube passing from free oviduct and
terminating at epiphallus-flagellum junction (Fig. 25A). Internal wall of penis
corrugated, exhibiting prominent series of thickened and swollen longitudinal
penial pilasters forming fringe around penial wall, and with fine and weak folds
around base of penial verge. Penial verge very short, with smooth surface, and
opening at the tip (Fig. 25B).

Vagina slender, long cylindrical, and ~ 2x longer than penis. Gametolytic duct
cylindrical tube then gradually tapering to slender tube terminally and connect-
ed to gametolytic sac (missing during dissection). Free oviduct short; oviduct
compact, forming lobule alveoli (Fig. 25A). Internal wall of vagina possessing
corrugated ridges near genital orifice; ridges becoming smooth longitudinal
vaginal pilasters in middle, swollen with irregularly shaped deep crenelations
close to free oviduct opening (Fig. 25B).

Distribution. This species has a wide distribution range covering Attapeu,
Champasak, and Phongsali provinces, Laos, and Gia Lai Province, Vietnam.

Remarks. A degree of shell colour variation occurs in the specimens from Pakse,
Champasak, Laos (Fig. 24E, F) in having yellowish to golden-yellow periostracum,
indistinct subsutural band and a dark rose-pink apertural lip. In addition, the type
specimens and recently collected specimens from Kbang, Gia Lai, Vietnam (Fig.
24B, C, G) tend to have broad brownish radial bands on the earlier spire whorls.

This species also exhibits a prominent population genetic structure, where
some clades constitute only the specimens from the same collecting locality
(Fig. 26). The COl intraspecific distance among all A. haematostoma specimens
is 10.03%, which is the highest distance of all Amphidromus species in this
study. This value is higher than twice the optimum intra/interspecific threshold
value of 4% for stylommatophoran land snails (Davison et al. 2009). However,
as all specimens have congruent morphology as stated above, we refrain from
treating each pool of samples from the same collecting locality as a distinct
taxon, before more specimens from each locality are critically examined.

Amphidromus madelineae Thach, 2020
Figs 22B, 24H-M, 25C, D, 26

Amphidromus madelineae Thach, 2020a: 68-69, pl. 48, figs 592, 593; pl. 49 figs
594-596. Type locality: Quang Nam Province, Central Vietnam. Thach 2021:
68.

Material examined. VIETNAM: Sinistral, holotype of “Amphidromus madelineae”,
MNHN-IM-2000-35566 (Fig. 24H).

Other material examined. VIETNAM: 5S specimens, Duy Xuyen District, Quang
Nam Province, NMNS-8764-108-NMNS-8764-112 (Fig. 241, J); 10S specimens,
Za Hung, Dong Giang District, Quang Nam Province, NMNS-8764-113—-NMNS-
8764-122 (Fig. 24K-M).

Diagnosis. Shell small to medium, sinistral; apex tinted pink to purplish pink.
Parietal callus transparent; lip whitish to purplish pink; columella and inner side
of outer wall around columella purplish pink. Genitalia without appendix.
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Differential diagnosis. Amphidromus madelineae differs from the similar sinis-
tral species A. haematostoma in having tinted-pink colour ~ 1-2 whorls from apex,
and thin and transparent parietal callus, while A. haematostoma has a whitish
apex, slightly thickened parietal callus with pale to dark rose-pink colour. This spe-
cies also differs from the similar A. roseolabiatus in that the latter has a chirally di-

5 mm

Figure 25. Genitalia of Amphidromus spp A, B Amphidromus haematostoma Mollendorff, 1898 from Ba Chien, Pakse,
Champasak, Laos (NMNS-8764-061), showing A general view of genitalia B interior structures of penis and vagina
chamber C, D Amphidromus madelineae Thach, 2020 from Duy Xuyen, Quang Nam, Vietnam (NMNS-8764-110), showing
C general view of genitalia D interior structures of penis and vagina chamber. Red dots indicate the shape of the missing
gametolytic sac. Green arrows indicate the genital openings. Abbreviations: e, epiphallus; fl, flagellum; fo, free oviduct;
gd, gametolytic duct; gs, gametolytic sac; ov, oviduct; p, penis; pp, penial pilaster; pr, penial retractor muscle; pv, penial
verge; v, vagina; vd, vas deferens; vp, vaginal pilaster.
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Figure 26. Bayesian phylogeny of Amphidromus haematostoma Mollendorff, 1898 and Amphidromus madelineae Thach,
2020 based on mitochondrial COI and 16S genes. Nodal support values are given as SH-aLRT/aBayes/ultra-fast boot-
strap (IQ-TREE, ML)/posterior probability (MrBayes, Bl). An asterisk on each branch indicates a clade with all well-sup-
ported values (SH-aLRT = 80%, aBayes = 0.95, BS = 95%, PP = 0.95).

morphic shell, a whitish apex and the genitalia with a very long appendix. The mo-
lecular phylogeny in this study reveals that A. madelineae is a distinct clade from
its sister A. haematostoma (Figs 2, 26). The COI and 16S p-distances between A.
madelineae and A. haematostoma are 13.93% and 6.04%, respectively (Table 2).

Description. Shell small to medium (height 27.7-38.0 mm, width 16.2-
20.2 mm), sinistral, elongate to ovate conical, rather thin and glossy. Spire
conical; apex acute, tinted pink to purplish pink and without black spot on
tip. Whorls 5-6 nearly smooth; suture wide and shallow; last whorl rounded
to nearly globose. Periostracum usually deciduous to yellowish green radial
streaks, more conspicuous on last whorl and faded in earlier whorls. Last whorl
with thin, dark green subsutural band, sometimes with irregular greenish spiral
blotched bands below periphery; varix sometimes present. Parietal callus thin
and transparent. Aperture ovate to elongate; peristome little thickened and ex-
panded; lip generally whitish to purplish pink; inner side of outer wall whitish
around columella with purplish pink colour. Columella straight, thickened and
pale to dark purplish pink. Umbilicus imperforate.

Radula. Teeth arranged in anteriorly pointed V-shaped rows. Central tooth
monocuspid and spatulate with truncated cusp. Lateral teeth bicuspid; endocone
small, slightly elongate, with wide and deep notch, and dull cusp; ectocone large
with slightly blunt to dull cusp. Lateral teeth gradually transformed to asymmetric
tricuspid marginal teeth. Outermost teeth with small and multicuspid (Fig. 22B).

Genital organs. Atrium relatively short. Penis stout, cylindrical, and short,
~ 1/2 as long as vagina. Penial retractor muscle thickened, short and insert-
ing on epiphallus close to penis. Epiphallus stout tube and approximately as
long as vagina. Flagellum short, extending from epiphallus and terminating in
slightly curved tip; appendix absent. Vas deferens slender tube passing from
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free oviduct and terminating at epiphallus-flagellum junction (Fig. 25C). Internal
wall of penis corrugated, exhibiting prominent series of thickened and smooth
surfaced longitudinal penial pilasters forming fringe around penial wall. Penial
verge very short and with smooth surface (Fig. 25D).

Vagina long cylindrical, and ~ 2x longer than penis. Gametolytic duct long cy-
lindrical tube then gradually tapering to slender tube terminally and connected
to bulbus gametolytic sac. Free oviduct short; oviduct compact, forming lobule
alveoli (Fig. 25C). Internal wall of vagina possessing slightly corrugated ridges
near genital orifice; ridges becoming roughly irregular vaginal pilasters in mid-
dle and close to free oviduct opening (Fig. 25D).

Distribution. This species is found in Quang Nam Province, Vietnam.

Remarks. Specimens from Za Hung, Dong Giang, Quang Nam, Vietnam
(Fig. 24L, M) are superficially similar to A. haematostoma in having greenish
shell colour and a purplish pink lip.

Amphidromus costifer Smith, 1893
Figs 22C, 27, 28A-C, 29

Amphidromus costifer Smith, 1893: 12, text fig. Type locality: dans les Mon-
tagnes boitées du Huyen de Tri-phuoc, Province Binh-dinh, An-nam [in the
Huyen Mountains of Tri-phuoc, Binh-dinh Province, An-nam]. Fulton 1896: 91,
pl. 7, fig. 6, 6a. Mollendorff 1898: 75. Pilsbry 1900: 176177, pl. 59, figs 22,
23. Fischer and Dautzenberg 1904: 405. Laidlaw and Solem 1961: 590, 592,
613, fig. 403, b. Schileyko 2011: 50. Sutcharit et al. 2015: 65, fig. 6¢. Thach
2020a: pl. 46, figs 560, 561.

Amphidromus costifer gemmalimae Thach, 2020a: 55, pl. 45, figs 551-557. Type lo-
cality: Krong Nang, Dak Lak Province, Central Vietnam. Thach 2021: 58. syn. nov.

Amphidromus nguyenkhoai Thach, 2020a: 71, pl. 64, figs 776-784. Type locali-
ty: Krong Pa District, Gia Lai, Central Vietnam. Thach 2021: 71. syn. nov.

Material examined. VIETNAM: Dextral, lectotype of “Amphidromus costifer”,
NHMUK 1893.2.26.4 (Fig. 27A); dextral, holotype of “Amphidromus costifer
gemmalimae”, MNHN-IM-2000-35550 (Fig. 27B); dextral, holotype of “Amphi-
dromus nguyenkhoai”, MNHN-IM-2000-35569 (Fig. 27C).

Other material examined. VIETNAM: 10D specimens, Tay Son District, Binh
Dinh Province, NMNS-8764-035-NMNS-8764-044 (Fig. 27D, E); 6D specimens,
Ea Sup District, Dak Lak Province, NMNS-8764-045-NMNS-8764-050 (Fig. 27F,
G); 2D specimens, An Lao District, Binh Dinh Province, NMNS-8764-051, NMNS-
8764-052 (Fig. 27H, I).

Diagnosis. Shell large, dextral, and spire ovate conical. Shell surface with
prominent irregular growth lines or prominent crests of expanded lip. Aperture
broadly ovate or truncate. Genitalia with appendix.

Differential diagnosis. Amphidromus costifer is unique among all reported
Vietnamese species (Schileyko 2011) in having a large, dextral shell with an
ovate conical spire, and the shell surface with prominent irregular growth lines
or prominent crests of expanded lip. Amphidromus costifer is also recognised
by a distinct clade in the molecular phylogeny (Fig. 2), with the closest p-dis-
tance to A. metabletus in COI (16.63%) and A. buelowi in 16S (13.44%) (Table 2).
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Figure 27. Shells of Amphidromus costifer Smith, 1893 A lectotype of “Amphidromus costifer” (NHMUK 1893.2.26.4)
B holotype of “Amphidromus costifer gemmalimae” (MNHN-IM-2000-35550) C holotype of “Amphidromus nguyenkhoai”
(MNHN-IM-2000-35569) D, E specimens from Tay Son, Binh Dinh, Vietnam (NMNS-8764-035, NMNS-8764-040) F, G spec-
imens from Ea Sup, Dak Lak, Vietnam (NMNS-8764-047, NMNS-8764-048) H, | specimens from An Lao, Binh Dinh, Viet-
nam (NMNS-8764-051, NMNS-8764-052). Credit: H. Taylor, NHM (A), P. Bourguignon, MNHN (B), A. Lardeur (C).

Description. Shell large (height 48.9-59.7 mm, width 27.3-34.8 mm), dex-
tral, solid, and ovate conical shape. Spire ovate conical; apex acute without
black spot on tip. Whorls 5-7 little convex; suture wide and shallow; last whorl
large, rounded to slightly ovate. Periostracum brownish to thin corneous;
strong varix usually absent. Shell surface: spire generally with prominent ir-
regular growth lines or with weak radial streak; last whorl with strong irregular
growth lines, coarse or with prominent radial ridges, and usually prominent
crest of expanded lip present. Shell colour highly variable: spire generally uni-
form whitish to yellowish (pale yellowish subsutural band detectable); last
whorl has no pattern but usually stained with dark to dark brown blotches,
smear or radial streaks. Parietal callus thickened and white, and broadly dilat-
ed at umbilical area. Aperture broadly ovate or truncate (sometimes irregular);
inner side of outer wall generally whitish to yellowish. Peristome thickened,
expanded, and slightly reflexed; lip whitish. Columella white and straight. Um-
bilicus imperforate.
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Radula. Teeth arranged in anteriorly pointed V-shaped rows. Central tooth
monocuspid and spatulate with truncated cusp. Lateral teeth bicuspid; endo-
cone slightly curved with wide notch and curved cusp; ectocone large with
truncated to blunt cusp. Lateral teeth gradually transformed to asymmetric
tricuspid marginal teeth. Outermost teeth with tiny ectocone; endocone and
mesocone large with curved cusps (Fig. 22C).

Genital organs. Atrium relatively short. Penis enlarged, conical, and near-
ly 1/2 as long as vagina. Penial retractor muscle thickened and inserting on
epiphallus close to penis. Epiphallus long and slender tube. Flagellum short,
extending from epiphallus, approximately as long as penis, and terminating in
slightly enlarged coil. Appendix short, slender tube, 3xlonger than flagellum
and approximately as long as epiphallus. Vas deferens slender tube passing
from free oviduct and terminating at epiphallus-flagellum junction (Fig. 28A).
Internal wall of penis corrugated, exhibiting series of thickened longitudinal pe-
nial pilasters forming fringe around penial wall, and with smooth wall around
base of penial verge. Penial verge short conical with thin longitudinal ridges
surface, and with opening at the tip (Fig. 28B).

Vagina slender, long cylindrical, and ~ 2x longer than penis. Gametolytic
duct cylindrical tube, extremely enlarged then abruptly tapering to slender tube
terminally and connected to enlarged elliptical gametolytic sac. Free oviduct
short; oviduct compact, enlarged to form lobule alveoli (Fig. 28A). Internal wall
of vagina possessing corrugated ridges near genital orifice; ridges becom-
ing swollen and smooth longitudinal vaginal pilasters in middle, and irregular
shaped and deep crenelations close to free oviduct opening (Fig. 28C).

Haplotype network. There was a total of seven 16S haplotypes (Fig. 29) of
A. costifer in this study, and the highest numbers of mutational steps in the 16S
minimum spanning networks are 18.

Distribution. The distribution range of the species covers Binh Dinh, Dak Lak,
and Gia Lai provinces, Vietnam.

Remarks. As Smith (1893) did not explicitly designate a type, and stated
that a total of seven specimens were examined, the indication of the holotype
in Sutcharit et al. (2015) is thus incorrect. Therefore, the syntype of “Amphidro-
mus costifer” NHMUK 1893.2.26.4 is hereby designated as the lectotype.

Our recent specimens with a monochrome whitish shell identical to the ho-
lotype of A. nguyenkhoai were found to belong to the same clade as the typi-
cal A. costifer, with 14—18 mutational steps to the other specimens in the 16S
haplotype network (Fig. 29). In addition, upon examining the type specimens
of A. costifer and A. nguyenkhoai, except for the shell colour, the holotype of
A. nguyenkhoai agrees well with the lectotype of A. costifer in terms of shell
shape, shell surface, peristome, and apertural shape. Thus, A. nguyenkhoai is
regarded herein as a junior subjective synonym of A. costifer.

The subspecies A. costifer gemmalimae was described as distinct from the
nominotypical subspecies in having a stouter shell shape, smoother, not well-de-
fined and not strongly calloused parietal wall, axial ribs with regular strength, a
regularly convex outer rib, a completely closed umbilicus, and a columella not
widening laterally (Thach 2020a). However, these characters fall within the in-
traspecific variations shown in A. costifer clade. Thus, A. costifer gemmalimae
is also regarded herein as a junior subjective synonym of A. costifer.
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Figure 28. Genitalia of Amphidromus spp A—C Amphidromus costifer Smith, 1893 from Ea Sup, Dak Lak, Vietnam
(NMNS-8764-048), showing A general view of genitalia B interior structures of penis C interior structures of vagina
chamber D, E Amphidromus pankowskianus Thach, 2020 from Khammouan Province, Laos, near Minh Hoa District,
Quang Binh Province, Vietnam (NMNS-8764-152), showing D general view of genitalia E interior structures of penis
and vagina chamber. Red dots indicate the shape of the missing gametolytic sac. Green arrows indicate the genital
openings. Abbreviations: ap, appendix; e, epiphallus; fl, flagellum; fo, free oviduct; gd, gametolytic duct; gs, gametolytic
sac; ov, oviduct; p, penis; pp, penial pilaster; pr, penial retractor muscle; pv, penial verge; v, vagina; vd, vas deferens; vp,
vaginal pilaster.
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Figure 29. Mitochondrial 16S haplotype minimum spanning networks of Amphidromus costifer Smith, 1893. The size of each
circle corresponds to the frequency of that haplotype, also shown as the number in that circle. The bars on the branches
indicate the number of mutational steps between haplotypes. Specimen codes correspond to those in Table 1.

Additional shell variations, which occur in the monochrome whitish speci-
mens from An Lao, Binh Dinh, Vietnam (Fig. 27C, H, I), are the occurrence of
strongly thickened parietal callus, a thickened, multi-layered and broadly ex-
panded apertural lip, and the shell surface much coarser with irregular growth
lines and malleated pits.

The COI intraspecific distance among all A. costifer specimens is 7.84%,
which is the second highest distance of all Amphidromus species in this study.
This value is higher than the optimum intra/interspecific threshold value of 4%
for stylommatophoran land snails (Davison et al. 2009). In addition, the 16S in-
traspecific distance among all A. costifer specimens is 3.39%, which is the high-
est distance of all Amphidromus species in this study, and the 16S haplotype
network also exhibits a prominent population genetic structure (Fig. 29). How-
ever, as all specimens have congruent morphology as stated above, we refrain
from treating each pool of samples from the same collecting locality as a dis-
tinct taxon, before more specimens from each locality are critically examined.

Amphidromus roseolabiatus Fulton, 1896
Figs 30A-F, 31

Amphidromus roseolabiatus Fulton, 1896: 89, pl. 6, fig. 8. Type locality: Siam
[Thailand]. Pilsbry 1900: 188, pl. 60, fig. 36. Fischer and Dautzenberg 1904:
407. Laidlaw and Solem 1961: 527, 655. Richardson 1985: 42. Schileyko
2011: 51. Sutcharit et al. 2015: 88, fig. 13j, k. Inkhavilay et al. 2019: 94, figs
45d-f, 58a. Pall-Gergely et al. 2020: 54. Thach 2020b: 360, fig. 7.

Amphidromus (Amphidromus) roseolabiatus. Inkhavilay et al. 2017: 3, 6, 9, 10,
figs 2a, b, 33, b, 4a-f, 63, b, 7a-c.

Amphidromus phuonglinhae Thach, 2017: 45, pl. 46, figs 581-584. Type locali-
ty: Bo Trach District, Quang Binh Province, Central Vietnam. Thach 2021: 76.

Material examined. THAILAND: Sinistral, lectotype of “Amphidromus roseolabia-
tus”, NHMUK 19601462 (Fig. 30A); 1S, paralectotype of “Amphidromus roseola-
biatus”, NHMUK 19601463 (Fig. 30B).

ZooKeys 1196: 15-78 (2024), DOI: 10.3897/z0okeys.1196.112146 66



Parin Jirapatrasilp et al.: Molecular systematics of southeast Asian Amphidromus

———
10 mm

Figure 30. Shells of Amphidromus spp A-F Amphidromus roseolabiatus Fulton, 1896 A lectotype of “Amphidromus ro-
seolabiatus” (NHMUK 19601462) B paralectotype of “Amphidromus roseolabiatus” (NHMUK 19601463) C holotype of
“Amphidromus phuonglinhae” (MNHN-IM-2000-33200) D-F specimens from Kampong Siem, Kampong Cham, Cambo-
dia (NMNS-8764-254, NMNS-8764-258, NMNS-8764-260) G-L Amphidromus pankowskianus Thach, 2020 G holotype
(NHMUK 20200213) H-J specimens from Lak Sao, Khamkeut, Bolikhamsai, Laos (NMNS-8764-154, NMNS-8764-170,
NMNS-8764-192) K, L specimens from Khammouan Province, Laos, near Minh Hoa District, Quang Binh Province, Viet-
nam (NMNS-8764-150, NMNS-8764-151). Credit: M. Caballer (C), K. Webb (G).

VIETNAM: Sinistral, holotype of “Amphidromus phuonglinhae”, MNHN-
IM-2000-33200 (Fig. 30C).

Other material examined. CAMBODIA: 4D + 6S specimens, Kampong Siem Dis-
trict, Kampong Cham Province, NMNS-8764-254-NMNS-8764-263 (Fig. 30D-F).
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Figure 31. Mitochondrial COI haplotype minimum spanning networks of Amphidromus roseolabiatus Fulton, 1896 and
Amphidromus pankowskianus Thach, 2020. The size of each circle corresponds to the frequency of that haplotype, also
shown as the number in that circle. The bars on the branches indicate the number of mutational steps between haplo-
types. Specimen codes correspond to those in Table 1.

Diagnosis. Shell medium and chirally dimorphic. Parietal callus transparent;
lip and columella purplish pink. Genitalia with appendix.

Differential diagnosis. This species is very closely similar to A. pankowski-
anus in terms of shell morphology and colour pattern. However, this species
lacks a dark radial band behind the reflected lip which is also visible in the
inner side of the shell, and a dark spiral band below periphery, both of which
are present in A. pankowskianus. Amphidromus roseolabiatus differs from the
similar species A. madelineae and A. haematostoma in having a chirally dimor-
phic shell, and genitalia with a very long appendix, while both A. madelineae
and A. haematostoma are exclusively sinistral, and the genitalia lacks an appen-
dix. Amphidromus roseolabiatus also differs from both A. smithi Fulton, 1896
and A. ventrosulus Mallendorff, 1900 from Vietnam (Zilch 1953; Sutcharit et
al. 2015) in having a chirally dimorphic shell, a purplish pink lip and fine green
streaks. In contrast, A. smithi has a sinistral shell, a dark red to brownish lip with
dark spot on the apex, and A. ventrosulus has a sinistral shell, uniform green
colour, elongate spire and more depressed suture. The molecular phylogeny in
this study reveals that A. roseolabiatus is a distinct clade from its sister A. pan-
kowskianus (Fig. 2). The COl and 16S p-distances between A. roseolabiatus and
A. pankowskianus are 13.02% and 6.14%, respectively (Table 2).

Description. Shell medium (height 33.1-38.6 mm, width 19.2-21.6 mm),
chirally dimorphic, elongate to ovate conical, rather thin and glossy. Spire con-
ical; apex acute, light brown and without black spot on tip. Whorls 6—7 nearly
smooth; suture wide and depressed; last whorl rounded. Periostracum usually
deciduous to yellowish green radial streaks, more conspicuous on last whorl
and faded in earlier whorls. Last whorl with thin, whitish subsutural band; with
or without reddish brown spiral band on periphery but usually not reaching ap-
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ertural lip; varix absent. Parietal callus thin and transparent. Aperture ovate to
elongate; peristome expanded and not reflected; lip usually purplish pink. Colu-
mella straight, thickened, purplish pink. Umbilicus narrowly opened.

Haplotype network. There was one COIl haplotype of A. roseolabiatus in this
study (Fig. 31).

Distribution. This species is found in Khammouan Province, Laos, Kampong
Cham Province, Cambodia, and Quang Binh Province, Vietnam. The distribution
of this species in Bolikhamxay, Laos according to Inkhavilay et al. (2017) is
dubious (see below).

Remarks. Inkhavilay et al. (2017) also included the white-lipped morph from
Bolikhamxay, Laos in A. roseolabiatus. However, in this study we only incorpo-
rated the typical purplish pink-lipped morph in the phylogenetic analyses. There-
fore, the identification of the white-lipped morph from Bolikhamxay, Laos as
A. roseolabiatus or another distinct species remains to be further investigated.

Amphidromus pankowskianus Thach, 2020
Figs 28D, E, 30G-L, 31

Amphidromus pankowskiana [sic] Thach, 2020a: 72-73, pl. 48, figs 582-586.
Type locality: Northwestern District of Khanh Hoa Province, Central Vietnam.
Amphidromus pankowskianus. Thach 2021: 72.

Material examined. VIETNAM: Holotype, NHMUK 20200213 (Fig. 30G).

Other material examined. LAos: 2D + 1S specimens, Khammouan Prov-
ince, near Minh Hoa District, Quang Binh Province, Vietnam, NMNS-8764-
150—-NMNS-8764-152 (Fig. 30K, L); 23D + 17S specimens, Lak Sao, Khamkeut
District, Bolikhamsai Province, NMNS-8764-153-NMNS-8764-191, NMNS-
8764-212 (Fig. 30H-J).

Diagnosis. Shell medium and chirally dimorphic. Last whorl without or with
narrow to spiral band on periphery. Parietal callus transparent; lip and columel-
la pale purplish pink; dark radial band on palatal wall. Genitalia with appendix.

Differential diagnosis. This species is very closely similar to A. roseolabiatus
in terms of shell morphology and colour pattern. However, this species is distinct
in having a dark radial band behind the reflected lip which is also visible in the
inner side of the shell and sometimes with a dark spiral band below periphery. In
addition, this species also differs from A. haematostoma and A. madelineae in
having a chirally dimorphic shell, with dark radial bands behind the expanded lip,
and the genitalia with a long flagellum. The molecular phylogeny in this study
reveals that A. pankowskianus constitutes its own distinct clade which is sister
to A. roseolabiatus (Fig. 2). The COl and 16S p-distances between A. pankowski-
anus and A. roseolabiatus are 13.02% and 6.14%, respectively (Table 2).

Description. Shell medium (height 30.8-39.9 mm, width 17.2-19.2 mm),
chirally dimorphic, elongate to ovate conical, rather thin and glossy. Spire con-
ical; apex acute, light brown and without black spot on tip. Whorls 6—7 nearly
smooth; suture wide and depressed; last whorl rounded. Periostracum usually
deciduous to yellowish green radial streaks, more conspicuous on last whorl
and faded in earlier whorls. Last whorl without or with narrow to wide brown-
ish spiral band on periphery; varix absent. Parietal callus thin and transparent.

ZooKeys 1196: 15-78 (2024), DOI: 10.3897/z0okeys.1196.112146 69



Parin Jirapatrasilp et al.: Molecular systematics of southeast Asian Amphidromus

Aperture ovate; peristome expanded and not reflected; lip pale purplish pink.
Outer palatal wall with dark radial band just next to expanded lip (also visible on
inner wall) and brownish radial band encircled umbilicus present (sometimes
absent). Umbilicus narrowly opened.

Genital organs. Atrium relatively short. Penis enlarged, conical, and almost
as long as vagina. Penial retractor muscle thin and inserting on epiphallus
close to penis. Epiphallus thin and long slender tube, and approximately as long
as penis. Flagellum short, extending from epiphallus, ~ 1/2 of penis length,
and terminating in slightly enlarged coil. Appendix short, slender tube, nearly
as long as epiphallus. Vas deferens slender tube passing from free oviduct
and terminating at epiphallus-flagellum junction (Fig. 28D). Internal wall of pe-
nis corrugated, exhibiting series of weak longitudinal penial pilasters forming
fringe around penial wall, and with smooth wall around base of penial verge.
Penial verge very short conical with opening at the tip (Fig. 28E).

Vagina slender, cylindrical, and approximately as long as penis. Gametolytic
duct cylindrical tube, similar diameter as vagina then tapering to slender tube
terminally and connected to enlarged elliptical gametolytic sac (missing during
dissection). Free oviduct short; oviduct forming lobule alveoli (Fig. 28D). Inter-
nal wall of vagina possessing smooth ridges near genital orifice; ridges becom-
ing swollen and corrugated longitudinal vaginal pilasters in middle, and with
deep crenelations close to free oviduct opening (Fig. 28E).

Haplotype network. There was a total of five COl haplotypes of A. pankow-
skianus in this study, and the highest number of mutational steps in the COI
minimum spanning network is two (Fig. 31).

Distribution. This species is found in Bolikhamsai and Khammouan provinc-
es, Laos, and Khanh Hoa Province, Vietnam.

Remarks. Empty shells from Phong Nha National Park, Quang Binh Province,
Vietnam, identified as ‘A. roseolabiatus’ in Inkhavilay et al (2017: CUMZ 7053;
2D+3S shells) possess a transparent parietal callus with a dark radial band
on the palatal wall just next to the lip. This specimen lot could probably be
assigned to A. pankowskianus instead. Future molecular evidence is needed to
shed light on the systematic status of this population.

Discussion

Arboreal snails in the genus Amphidromus exhibit high levels of variation in
intraspecific shell colour and pattern (Haniel 1921; Lee et al. 2022), while shells
of different species may be similar due to shared arboreal adaptations (Jirapa-
trasilp et al. 2022; Lee et al. 2022). Although conchological characters can be
used to diagnose different Amphidromus species to some extent (Laidlaw and
Solem 1961; Sutcharit and Panha 2006; Inkhavilay et al. 2019), the amount of
intraspecific shell variability is most often not, or poorly, known. In this regard,
DNA sequence data, especially the mitochondrial gene fragments referred to
as “DNA barcodes,” provide additional and solid evidence to delimit species
and help to distinguish between intra- and interspecific shell differentiation
(Pholyotha et al. 2021; Jirapatrasilp et al. 2022; Lee et al. 2022).

Apart from examining the reciprocal monophyly of each species, the use of
interspecific genetic distances is another means to set the preliminary cut-off
for each clade to become putative species, although the use of interspecific
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genetic distances has been discussed as an unfavourable way to delimit spe-
cies (Ferguson 2002). Davison et al. (2009) reported an optimal COl intra/inter-
specific threshold value for stylommatophoran land snails as 4%, although this
value was associated with an overall false negative error (interspecific variation
misdiagnosed as same species) of 32% and 44% for the longer (381 bp) and
shorter (228 bp) sequences, respectively. In our study, the species retrieved
from the reciprocal monophyly validated by this cut-off value are in accor-
dance with the preliminarily retrieved morphospecies, and we identify a range
of 9-12% as the COl interspecific threshold value for Amphidromus species in
this study. Although Davison et al. (2009) did not conclusively identify a bar-
code gap in stylommatophoran land snails, our intraspecific distances of Am-
phidromus species typically fall below or hover around 5%. The notable excep-
tions are A. haematostoma (10.03%) and A. costifer (7.84%), in which these two
species would be flagged for further examination of possible cryptic species.
Therefore, we propose a COI barcode gap for Amphidromus of 5-9%, which
could be used to delimit more Amphidromus species in further studies.

Although there is still no general 16S intra/interspecific threshold value for
stylommatophoran land snails, we could estimate the threshold for the Ca-
maenidae to some extent. In this study, we identify a range of 3-5% as the 16S
interspecific threshold value for Amphidromus. This range is comparable to the
lower boundary of 168S interspecific distances reported in other genera in the
Camaenidae, e.g., Aegistohadra from China and Vietnam (5.97-11.86%; Jira-
patrasilp et al. 2022), Camaena from China (5-15%; Ding et al. 2016), Euhadra
from Bonin Islands, Japan (5.8—16.5%; Chiba 1999), and Acusta from East Asia
(5.3-18.8% Hwang et al. 2021). The 16S barcode gap for Amphidromus in this
study is less conspicuous, as the 16S intraspecific distances typically fall be-
low or hover around 3%. Therefore, we suggest a 16S interspecific threshold
range of 5-6% for the Camaenidae, which could be implemented to support the
species delimited by the COI barcode gap. The phylogenetic tree constructed
from 16S also yielded identical clades to those from the COI phylogeny.

Internal morphological characters, especially those of reproductive sys-
tem such as penis and vagina, are often species-specific and therefore are
interpreted as the prime species recognition characters (Gémez 2001). The
differentiation of these characters has been assumed to promote speciation
in land snails (Kameda et al. 2009; Sauer and Hausdorf 2009). In the present
study we observed some modest differences among Amphidromus species
with respect to the size, shape, and surface of the penial verge, and the in-
ner wall sculpture of the penis and vagina. Further morphometric analyses of
several parts of genitalia (Kameda et al. 2009; Sauer and Hausdorf 2009) will
shed light on the extent of divergence in genital morphology of these Amphi-
dromus species.

The non-monophyly of Amphidromus species exhibiting the same chirality
state (exclusively sinistral or dextral, or chirally dimorphic) illustrates that the
multiple origins of left-right coiling reversal are common in terrestrial snails
(Schilthuizen and Davison 2005; Gittenberger et al. 2012). Within the family
Camaenidae, shell coiling reversal has also been reported in Satsuma Adams,
1868 (Hoso et al. 2010) and Aegistohadra Wu, 2004 (Jirapatrasilp et al. 2022).
Amphidromus is also well-known for a high number of species exhibiting di-
morphic chirality (Schilthuizen et al. 2005; Sutcharit et al. 2007, 2013), and the
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coexistence of both shell coiling directions in the same population has been
assumed to be maintained by sexual selection (Schilthuizen et al. 2007, 2012).
Amphidromus thus has an important role in chirality research, which would fur-
ther support the importance of the systematic revision of this snail group.
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Abstract

We describe the complete mitogenomes of the black corals Alternatipathes mirabilis
Opresko & Molodtsova, 2021 and Parantipathes larix (Esper, 1790) (Cnidaria, Anthozoa,
Hexacorallia, Antipatharia, Schizopathidae). The analysed specimens include the ho-
lotype of Alternatipathes mirabilis, collected from Derickson Seamount (North Pacific
Ocean; Gulf of Alaska) at 4,685 m depth and a potential topotype of Parantipathes larix,
collected from Secca dei Candelieri (Mediterranean Sea; Tyrrhenian Sea; Salerno Gulf;
Italy) at 131 m depth. We also assemble, annotate and make available nine addition-
al black coral mitogenomes that were included in a recent phylogeny (Quattrini et al.
2023b), but not made easily accessible on GenBank. This is the first study to present and
compare two mitogenomes from the same species of black coral (Stauropathes arctica
OPEN aACCESS (Litken, 1871)) and, thus, place minimum boundaries on the expected level of intraspe-
cific variation at the mitogenome level. We also compare interspecific variation at the
mitogenome-level across five different specimens of Parantipathes Brook, 1889 (repre-
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1792) at 4,265 years; Roark et al. (2009)) coral and serve as underwater hosts
for a diverse and staggering number of epibionts (Love et al. 2007). Black cor-
als have historically been considered a deep-water group; however, only 31.57%
of the 285 currently-described species occur at depths greater than 800 m
(Molodtsova et al. 2022, 2023). While the black coral community continues to
wait for the first antipatharian nuclear genome, black coral mitogenomics is gain-
ing in popularity due to the ease of bioinformatically extracting whole mitoge-
nomes from genome-skimming data (Quattrini et al. 2023a), its informativeness,
cost-effectiveness and the availability of comparative data (Brugler and France
2007; Sinniger and Pawlowski 2009; Kayal et al. 2013; Figueroa et al. 2019; Bar-
rett et al. 2020; Asorey et al. 2021; Bledsoe-Becerra et al. 2022; Feng et al. 2023;
Quattrini et al. 20233, b; Ramos et al. 2023). Herein, we describe two additional
black coral mitogenomes (Alternatipathes mirabilis Opresko & Molodtsova, 2021
and Parantipathes larix (Esper, 1790)), both from the family Schizopathidae and
present them in a phylogenetic context. We analysed the holotype of Alternatipa-
thes mirabilis, collected from Derickson Seamount (North Pacific Ocean; Gulf of
Alaska) at 4,685 m depth and a potential topotype of Parantipathes larix, collect-
ed from Secca dei Candelieri (Mediterranean Sea; Tyrrhenian Sea; Salerno Gulf;
Italy) at 131 m depth. According to Esper (1792), the type locality of P, larix is in
the “ocean near Naples,” which is adjacent to the Gulf of Salerno.

The genus Alternatipathes was established by Molodtsova and Opresko
(2017) with the type species of the genus as Umbellapathes bipinnata Opresko,
2005 (Opresko and Molodtsova 2021). Species assigned to the genus include
Umbellapathes bipinnata, Bathypathes alternata Brook, 1889, Alternatipathes ve-
nusta Opresko & Wagner, 2020 and Alternatipathes mirabilis. Alternatipathes mi-
rabilis is only known from a single specimen, which we analysed herein. The spe-
cies name (mirabilis) is derived from Latin meaning “wonderful or strange.” The
genus is broadly distributed in the Pacific, Indian, Atlantic and Southern Ocean
basins at depths usually exceeding 2,500 m and often greater than 4,000 m
(Opresko and Molodtsova 2021). DNA analysis of mitochondrial nad5-nad1
from the holotype suggested a close relationship to Schizopathes Brook, 1889
(Chery et al. 2018); however, the full mitogenome of Schizopathes is not current-
ly available to test this hypothesis more robustly. The genus Parantipathes was
established by Brook (1889) with the type species of the genus as Antipathes lar-
ix Esper, 1790 (Opresko and Baron-Szabo 2001). In terms of its distribution, this
species is only known from the Mediterranean Sea and eastern Atlantic Ocean.

In addition to describing the mitogenomes of Alternatipathes mirabilis and
Parantipathes larix, we also assembled, annotated and made available nine
additional black coral mitogenomes that were included in a recent phyloge-
ny (Quattrini et al. 2023b), but not made easily accessible on GenBank (i.e.
mtDNA reads are embedded in non-annotated bulk Illumina whole genome
shotgun fastq files). The taxa include Acanthopathes thyoides (Pourtalés,
1880) (USNM1288453), Aphanipathes pedata (Gray, 1857) (USNM1288458),
Bathypathes alaskensis Opresko & Molodtsova, 2021 (USNM1288462), Elato-
pathes abietina (Pourtalés, 1874) (USNM1288451), Parantipathes sp. (MSS29),
Stauropathes arctica (Liitken, 1871) (DFONL ID #4089; Canadian Museum
of Nature catalogue #CMNI 2023-0258), Stauropathes sp. Opresko, 2002
(USNM1404493), Telopathes magna Maclsaac & Best, 2013 (Maclsaac et al.
2013) (USNM1204049) and Umbellapathes sp. Opresko, 2005 (USNM1404092).
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Herein, we also compare two mitogenomes from the same species of black
coral (Stauropathes arctica) and determine the expected level of intraspecific
variation at the mitogenome level, which has not been done previously. We com-
pare the results of this intraspecific comparison to the unexpectedly low mitog-
enome-level variation found within the trigeneric complex (Dendrobathypathes,
Lillipathes and Parantipathes from the eastern North Pacific; Bledsoe-Becerra
et al. (2022)). We also compare interspecific variation at the mitogenome-level
across five different specimens of Parantipathes (representing at least two dif-
ferent species) from the northeast Atlantic and Mediterranean Sea.

Materials and methods

Specimen collection and species identification

The holotype of Alternatipathes mirabilis Opresko & Molodtsova, 2021
(USNM1070972) was collected by Dr. Amy Baco-Taylor on 20 July 2004, from
Derickson Seamount (North Pacific Ocean; Gulf of Alaska; Station # JD-093) at
4,685 m depth using the Jason Il ROV (Latitude, Longitude: 53.0419,-161.183).
The holotype of A. mirabilis was deposited into the black coral collection at the
Smithsonian Institution’s National Museum of Natural History (NMNH). Speci-
mens accessioned into the S| NMNH'’s Invertebrate Zoology collection are freely
available to researchers to access and study. A. mirabilis was identified by Drs.
Dennis Opresko and Tina Molodtsova, the leading authorities on black coral tax-
onomy and systematics. Parantipathes larix (Esper, 1788) (USNM1280881) was
collected in July 2012 from Secca dei Candelieri (Mediterranean Sea; Tyrrhenian
Sea; Salerno Gulf; Italy) at 131 m depth (Latitude, Longitude: 40.0744, 15.8765).
P, larix was also deposited into the SI NMNH's Invertebrate Zoology collection.
P larix was identified by Dr. Marzia Bo of the Universita di Genova in lItaly, also
an authority on black coral taxonomy and systematics.

Specimen preparation and sequencing

Tissues from Alternatipathes mirabilis (OGL-E27108; USNM1070972) and
Parantipathes larix (OGL-E27184; USNM1280881) were initially stored in 95%
ethanol. DNA was isolated from these samples using a modified CTAB ex-
traction protocol (France et al. 1996). Specifically, tissue samples were incu-
bated in 750 pl of 2X-CTAB with 50 pl Proteinase K (Qiagen, Hilden, Germany)
overnight before digestion at 56 °C for 3 hours. Ceramic beads (200 pl, 0.1 mm)
were added to each sample and tubes were placed in a BeadBug microtube ho-
mogeniser (Benchmark Scientific, South Plainfield, NJ, USA) for two 30 second
intervals at 2,800 rpm. Next, particulate material was precipitated by centrifu-
gation at 17K RCF (Relative Centrifugal Force or g-force) for 5 minutes and the
supernatants were transferred to new tubes with 750 pl of -20 °C chloroform,
vortexed until cloudy and phases were separated by centrifugation at 177K RCF
for 10 minutes. Supernatants were then transferred to tubes with 750 pl of
-20 °C absolute ethanol, inverted and phases were separated by centrifugation
at 17K RCF for 5 minutes. Supernatants were discarded and precipitated DNA
was washed with 750 pl of 70% ethanol and then pelleted by centrifugation at
17K RCF for 5 min. Supernatants were again discarded and pellets were dried
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using a Savant DNA 120 Speedvac Concentrator (Thermo Scientific, Waltham,
MA, USA) before suspension in 50 pl of Buffer AE (Qiagen, Hilden, Germany).
DNA extracts were subsequently treated with RNase A and purified using a
Zymo Research DNA Clean & Concentrator (Irving, CA, USA). To visualise DNA,
2 pl of each extract was loaded on to a horizontal slab gel (1% agarose, 1X
TAE buffer containing 1% Biotium GelRed nucleic acid gel stain; Freemont, CA,
USA) and separated at approximately 175 V for 5 min then 130 V for 30 min
and visualised using a Bio-Rad Gel Doc XR + Molecular Imager and Image Lab
software (Hercules, CA, USA). To quantify DNA present in each extract, 5 pl of
each sample was analysed using a Promega QuantiFluor ONE dsDNA System
with a Quantus Fluorometer (Madison, WI, USA). DNA extractions were sent to
the New York Genome Center for whole genome shotgun (WGS) sequencing
on an lllumina HiSegX (2x150 bp). Library preparation utilised a TruSeq PCR-
free kit (450 bp).

Bioinformatics

Mitochondrial genomes were bioinformatically extracted from the WGS runs
using MitoFinder v.1.4 (Allio et al. 2020). MitoFinder employed MEGAHIT v.3.0
(Li et al. 2015) for mitogenome assembly and tRNAscan-SE (Chan and Lowe
2019) for tRNA annotation. The following command was used to run Mito-
Finder on an iMac: ./mitofinder --megahit --override --new-genes -j [file name]
-1 [left_reads.fastq.gz] -2 [right_reads.fastq.gz] -r [genbank_reference.gb] -o
[genetic_code] -p [threads] -m [memory] -t trnascan. Stichopathes luetkeni
(GenBank Accession # NC_018377) was used as the reference and translation
table 4 (Mold, Protozoan and Coelenterate Mitochondrial Code and the Myco-
plasma/Spiroplasma Code) was used as the genetic code. Newly-assembled
mitogenomes were annotated using the MITOS Web Server (Bernt et al. 2013).

Phylogenetic analysis

The newly-obtained mitogenomes of Alternatipathes mirabilis (USNM1070972;
GenBankAccessionNumberOR398473)and Parantipatheslarix(USNM1280881;
GenBank Accession Number OR398474) were added to the phylogeny present-
ed in Bledsoe-Becerra et al. (2022) that contained 29 mitogenomes. We then as-
sembled, annotated and added nine black coral mitogenomes that were includ-
ed in a recent phylogeny (Quattrini et al. 2023b), but not made easily accessible
on GenBank. We also included two newly-released black coral mitogenomes:
Myriopathes ulex (Ellis & Solander, 1786) (NC_071821) and Cirrhipathes cf. an-
guina (Dana, 1846) (ON653414; Shizuru et al. (2024)) for a total of 42 taxa. Each
of the 13 protein-coding genes (cox7-3, nad1-6, nad4L, atp6, atp8 and cytb) and
two ribosomal RNAs (12S and 16S) from all 42 mitogenomes were placed in
individual AliView v.1.23 (Larsson 2014) files, individually aligned using MAFFT
LINS-i v.7 (Katoh et al. 2019) and subsequently concatenated into a single file
using Seqotron v.1.0.1 (Fourment and Holmes 2016), treating the mitogenome
as a single locus. Significant length variation was encountered within each of
the 18 intergenic regions (IGRs) across the seven families, resulting in ambigu-
ous alignments within these regions; thus, IGRs were not considered. The final
dataset consisted of 42 taxa and 16,416 sites (alignment available upon re-
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quest to co-author Brugler). The Akaike Information Criterion within jModelTest
v.2.1.10 (Guindon and Gascuel 2003; Darriba et al. 2012) selected the GTR + |
+ G model of sequence evolution (p-inv: 0.4670; gamma: 1.0920). XSEDE on
the CIPRES Science Gateway v.3.3 (Miller et al. 2011) was used to construct a
Maximum Likelihood phylogeny using IQ-Tree v.2.2.2.5 with the GTR+I+G mod-
el of sequence evolution, a BioNJ starting tree and 1,000 ultrafast bootstrap
replicates (Hoang et al. 2018; Minh et al. 2020). The resulting phylogenetic tree
was visualised using FigTree v.1.4.4 (by Andrew Rambaut; https://github.com/
rambaut/figtree/releases). The ML tree (Fig. 1) was rooted internally to the
Leiopathidae. This decision was based on: 1) the mitogenome-based phyloge-
ny presented in Barrett et al. (2020) that included nine hexacoral outgroups (4
actiniarians, 3 zoantharians, 1 scleractinian and 1 corallimorpharian) and 2) a
time-calibrated phylogeny by Horowitz et al. (2023), based on target-capture
enrichment of 2,380 ultraconserved elements and exonic loci from 83 species
of black coral and nine outgroups, both of which recovered the Leiopathidae as
an early branching, monophyletic group sister to all other antipatharian families
(but see DeSalle et al. (2023)). The number of variable sites (or single nucleo-
tide polymorphisms; SNPs) and pairwise distance estimates were calculated
using MEGA X (Kumar et al. 2018; Stecher et al. 2020) and included the Kimura
2-Parameter model (K2P), uniform rates amongst sites and pairwise deletion
of gaps/missing data.

A thopathes thyoides USNM1288453 SRR1044372(Q -««-+-==wereeeeerasees Aphanipathidae —_—
100, Antipathes cf dichotoma MT318841 Antipathidae
75 | Stichopathes abyssicola MT318856
100 100 Phanopathes sp MT318852:--f++= Aphanipathidae
100 Stichopathes sp MT318857
Aphanipathes pedata USNM1288458 SRR10443718--{------: Aphanipathidae
100 — Stichopathes lutkeni NC_018377
100 100 L— Cirrhipathes cf anguina ON653414 —
100 Tylopathes n sp MT318859 Stylopathidae
100 ~ Myriopathes japonica NC_027667
| 95] 100 Myriopathes ulex NC_071821 Myriopathidae
Tanacetipathes thamnea NC_046843
Elatopathes abietina USNM1288451 SRR10443838:---:--cxeceueueueueucuees Aphanipathidae
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— 100 Chrysopathes cf mict haMT318860 |Cladopathidae
Chrysopathes formosa NC_008411
Bathypathes n sp MT318842 T
Bathypathes sp 1 MT318844
Stauropathes arctica MT318854
Stauropathes sp USNM1404493 SRR10443716
100 100 Stauropathes arctica 4089 SRR10443714
Bathypathes alaskensis USNM1288462 SRR10443717
91 Bathypathes n sp 3 MT318843
100 ||~ Stauropathes cf punctata MT318855
Telopathes magna USNM1204049
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Parantipathes larix USNM1280881 *  x Schizopathidae
100 Par hes cf hirondelle MT318849
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Sibopathes cf macrospina MT318853 Cladopathidae
Parantipathes sp MSS-29 SRR10443715
Umbellapathes sp USNM1404092 SRR10443713
Alternatipathes mirabilis USNM1070972 * * %
100[ Dendrobathypathes n sp MT318845
Dendrobathypathes boutillieri USNM1070762
Parantipathes sp USNM1404491

Lillipathes sp USNM1457355 -

Leiopathes cf glaberrima MT318846
1001 | eiopath. P MT318847 Leiopathidae

| Leiopathes montana MT318848

0.02

Figure 1. Maximum Likelihood phylogenetic tree, based on 13 protein-coding genes and two ribosomal RNAs (42 taxa
and 16,416 sites). The mitogenomes of Alternatipathes mirabilis (USNM1070972; OR398473) and Parantipathes larix
(USNM1280881; OR398474) are indicated with three asterisks. The families Aphanipathidae and Cladopathidae are
polyphyletic with representatives indicated with a horizontal dotted line. The tree is rooted internally to the Leiopathidae.
Node support values are based on 1,000 ultrafast bootstrap replicates. Species IDs are followed by museum voucher
codes (e.g. USNM) and/or GenBank accession numbers (e.g. MT, NC, ON or SRR).
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Results

The Alternatipathes mirabilis mitogenome (OR398473) is 17,632 bp in length and
contains the typical 13 protein-coding genes (cox7-3, nad1-6, nad4L, atp6, atp8
and cytb), two ribosomal RNAs (12S and 16S) and two transfer RNAs (Met and
Trp). Intergenic regions account for 8.72% (1,538 bp) of the mitogenome, with
the longest IGR between nad5(5’) and nad1 (365 bp; Table 1). The Parantipathes
larix mitogenome (OR398474) is 17,734 bp in length and contains the typical 13
protein-coding genes (cox7-3, nad7-6, nad4L, atp6, atp8 and cytb), two ribosomal
RNAs (12S and 16S) and two transfer RNAs (Met and Trp). Intergenic regions
account for 9.41% (1,669 bp) of the mitogenome, with the longest IGR between
nad5(5’) and nad7 (367 bp; Table 1). Both A. mirabilis and P. larix have the typ-
ical black coral mitochondrial gene order; thus, to date, one unique gene order
has been observed within the Order Antipatharia. Base composition was similar
between A. mirabilis (A: 5841, T: 4701, G: 3180, C: 3910) and P, larix (A: 5895, T:
4708, G: 3212, C: 3919) and both mitogenomes are AT-rich (59.79% each).

After assembling nine mitogenomes that were included in a phylogeny in Quat-
trini et al. (2023b), mitogenome sizes ranged from 17,699 (Bathypathes alasken-
sis USNM1288462) to 20,066 bp (Acanthopathes thyoides USNM1288453).
Quattrini et al. (2023b) simply uploaded Illumina fastq files and each of the 13
protein-coding genes individually, but did not upload the two ribosomal RNAs
(12S and 16S), two transfer RNAs (Met and Trp) or any of the intergenic regions.
To make the data more easily accessible, we pulled data from the lllumina
fastq files to assemble and annotate full mitogenomes. Complete nucleotide
sequence data are now available in the Third Party Annotation (TPA) section
of the DDBJ/ENA/GenBank databases under the following accession numbers:
BK063761 (Acanthopathes thyoides; USNM1288453), BK063759 (Aphanipathes
pedata; USNM1288458), BK063764 (Bathypathes alaskensis; USNM1288462),
BK063760 (Elatopathes abietina; USNM1288451), BK063757 (Parantipathes
sp.; MSS29), BK063763 (Stauropathes arctica; DFONL ID #4089; Canadian Mu-
seum of Nature catalogue #CMNI 2023-0258), BK063762 (Stauropathes sp.;
USNM1404493), 0R398475 (Telopathes magna; USNM1204049) and BK063758
(Umbellapathes sp.; USNM1404092). The two newly-released black coral mitoge-
nomes ranged in size from 17,711 bp (Myriopathes ulex NC_071821 [0OP104910];
released 3 April 2023) to 20,452 bp (Cirrhipathes cf. anguina ON653414; released
24 December 2022; Shizuru et al. (2024)). Elatopathes abietina (BK063760) and
Myriopathes ulex (NC_071821) were the only taxa that contained a LAGLI-DADG
homing endonuclease in the coxT gene (Beagley et al. 1996).

Discussion

The Maximum Likelihood phylogeny (Fig. 1), consisting of 42 taxa and 16,416
sites, largely mirrors the phylogeny presented in Brugler et al. (2013) that was
based on three mitochondrial gene regions (igrW, igrN and cox3-cox1); howev-
er, the mitogenome-based phylogeny, presented here, yields greater bootstrap
support. In our new mitogenome-based phylogeny, the holotype of Alternati-
pathes mirabilis is sister to a clade containing Dendrobathypathes Opresko,
2002, Parantipathes (from the North Pacific Ocean) and Lillipathes Opresko,
2002 (bootstrap support: 100), while a putative topotype of Parantipathes larix
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Table 1. Lengths of protein-coding genes, ribosomal RNAs, transfer RNAs and intergenic
regions (IGRs) within the Alternatipathes mirabilis (17,632 bp; OR398473) and Parantipa-
thes larix (17,734 bp; OR398474) mitogenomes.

Gene Parantipathes larix Alternatipathes mirabilis

128 1141 1141
IGR 197 197
nad2 1518 1518
IGR 19 19
tRNA Trp 70 70
IGR 27 27
nad5-3’ 1131 1131
IGR 115 115
nad3 357 357
IGR 48 32
nad1 984 984
IGR 367 365
nad5-5' 708 708
IGR 108 46
atp6 699 699
IGR 82 82
atp8 213 213
IGR 24 24
nad6é 564 564
IGR 104 87
nad4 1476 1476
IGR 61 61
cox2 750 750
IGR 82 68
nad4L 300 300
IGR 92 92
cox1 1590 1590
IGR 34 34
cox3 789 789
IGR 96 74
16S 2561 2590
IGR 64 74
tRNA Met 71 71
IGR 49 40
cytb 1143 1143
IGR 100 101

is placed within a clade containing additional Parantipathes (all from the North-
east Atlantic), Sibopathes van Pesch, 1914 and Umbellapathes (bootstrap
support: 100). Sibopathes is currently classified in the family Cladopathidae
yet falls within the Schizopathidae in our analyses. However, any potential re-
classification of this genus should include data from the type specimen of Si-
bopathes. These data were not available at the time of this analysis.
According to our analyses, the family Aphanipathidae is polyphyletic with
representatives forming a group sister to the majority of antipatharians
(Acanthopathes thyoides USNM1288453; bootstrap support: 100), sister to the
Myriopathidae (Elatopathes abietina USNM1288451; bootstrap support: 95) or
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sister to different representatives of the Antipathidae (Aphanipathes pedata
USNM1288458 and Phanopathes sp. Opresko, 2004 MT318852; bootstrap sup-
port: 100; taxon sampling within the Antipathidae is very limited as our phylog-
eny only includes five of 122+ species within the family).

In Brugler et al. (2013), Acanthopathes thyoides (USNM1288453) and Elatopa-
thes abietina (USNM1288451) were considered “wandering taxa” as their phylo-
genetic relationship shifted depending on the dataset or tree-building algorithm.
It appears that our new mitogenome-based phylogeny has stabilised their posi-
tion and revealed more strongly-supported phylogenetic affiliations for both taxa.

Only one representative from the family Stylopathidae was included in the
phylogeny (Tylopathes sp. nov. Brook, 1889 MT318859) and is sister to the
Myriopathidae (bootstrap support: 100). Any potential reclassification of these
genera within the Myriopathidae will require sequence data from the remaining
genera within the Stylopathidae (Stylopathes Opresko, 2006 and Triadopathes
Opresko, 2006). These data were not available at the time of this analysis.

To our knowledge, this study is the first to compare two mitogenomes from the
same species of black coral (Stauropathes arctica MT318854 and CMNI 2023-
0258) and thus we can, for the first time, place lower limits on the expected level
of intraspecific variation at the mitogenome level. Both mitogenomes are 17,700
bp in length and a comparison revealed 12 SNPs (K2P distance: 0.0678%). Stau-
ropathes arctica (MT318854) was collected at 1,446 m depth from North Por-
cupine Bank (NE Atlantic; Irish Margin). Stauropathes arctica (CMNI 2023-0258)
was collected at 600 m depth from Treworgie Canyon (NW Atlantic; Grand Banks
of Newfoundland). Bledsoe-Becerra et al. (2022) compared the mitogenomes of
the trigeneric complex (Dendrobathypathes, Lillipathes and Parantipathes from
the eastern North Pacific) and only found 32 SNPs across 17,687 bp. Pairwise
comparisons revealed 18 (Dendrobathypathes and Parantipathes) and 23 (Lilli-
pathes and Parantipathes; Lillipathes and Dendrobathypathes) SNPs. If future mi-
togenomic studies show that approximately 12 SNPs are typical of intraspecific
comparisons within the Antipatharia, then 18 and 23 SNPs may be indicative
of interspecific variation and, thus, Dendrobathypathes, Lillipathes and Paranti-
pathes (from the eastern North Pacific) could be consolidated into a single ge-
nus. However, a black coral nuclear genome is not available at this time, which
could fundamentally change our understanding of species relationships within
this group. Therefore, a major consolidation of multiple genera is not advised
until nuclear genomes are also sequenced and analysed. It is also important
to note that the mitogenome-level comparisons noted above (for Stauropathes,
Dendrobathypathes, Lillipathes and Parantipathes) are all for taxa within the
family Schizopathidae and, thus, variation within, or thresholds between, other
families may differ given their different evolutionary histories. As per Horowitz
et al. (2023), 95% of extant black corals were recovered in two distinct clades
that diverged ~ 295 million years ago (during the Carboniferous-Permian) on the
continental slope. The first clade contained members of the Antipathidae, Apha-
nipathidae, Myriopathidae and Stylopathidae with crown node at 242 My; these
taxa largely stayed on the slope or moved up on to the shelf. The second clade
contained members of the Schizopathidae and Cladopathidae with crown node
at 202 My; these taxa are largely found at slope and abyssal depths.

Wealsohadtheunique opportunitytocompareinterspecific variationatthe mitog-
enome-level across five different specimens of Parantipathes from the NE Atlantic
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and Mediterranean Sea (Parantipathes cf. hirondelle MT318849; Parantipathes hi-
rondelle Molodtsova, 2006 MT318850; Parantipathes larix USNM1280881; Paran-
tipathes sp. MSS-29; Parantipathes sp. MT318851). We also included Sibopathes
cf. macrospina (MT318853) in this analysis as it groups phylogenetically amongst
these five Parantipathes. All six mitogenomes are 17,734 bp in length and a com-
parison revealed only 18 SNPs (K2P distances ranged from 0.00564% [Sibopathes
cf. macrospina MT318853 vs. Parantipathes sp. MT318851 and Parantipathes sp.
MSS-29 and Parantipathes cf. hirondelle MT318849 vs. Parantipathes hirondelle
MT318850] to 0.0843% [Parantipathes larix USNM1280881 vs. Parantipathes sp.
MSS-29]). These results also support consolidating Dendrobathypathes, Lillipathes
and Parantipathes (from the eastern North Pacific) into a single genus. Again, ob-
taining sequence data from the type specimen of Sibopathes will be necessary
prior to the potential reclassification of this genus.

We encourage future black coral mitogenomic studies to focus on obtaining
mitogenomes from type species (where possible) and continue to fill in missing
taxonomic gaps, particularly in the Antipathidae, Aphanipathidae, Myriopathi-
dae and Stylopathidae.

While morphological characteristics are the gold standard for delineating
relationships amongst organisms, the combined use of morphology and ge-
netics is a powerful combination to better understand evolutionary relation-
ships (e.g. Wagner et al. (2010); Horowitz et al. (2020)). In fact, many fields
must entirely rely on genetics to characterise diversity at the family level and
below because morphology is lacking (e.g. Blank and Trench (1985); LaJeu-
nesse et al. (2014)) and/or morphological characteristics are problematic (e.g.
Pinzén and Lajeunesse (2011); Pinzon et al. (2013); Rodriguez et al. (2014);
Bledsoe-Becerra et al. (2022); Opresko et al. (2022); Molodtsova et al. (2023)).
Based on the data presented here and clear ambiguities created when using
morphological characteristics of black coral, we strongly advocate that the
black coral community preferentially use diversity at the molecular level to
delineate evolutionary relatedness between groups and morphology only be
used to support relationships revealed by molecular analyses. We also urge
the International Commission on Zoological Nomenclature (ICZN), which is
responsible for producing the International Code of Zoological Nomenclature,
to incorporate robust molecular comparisons into species descriptions to ac-
count for instances where morphology fails.
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Abstract

We describe a new species of redbait in the genus Emmelichthys collected from fish
markets on Panay and Cebu islands in the Visayas region of the Philippines. The spe-
cies is externally similar to E. struhsakeri but is diagnosable by two prominent fleshy
papillae associated with the cleithrum and fewer pectoral-fin rays (18-19 vs. 19-21)
and gill rakers (30-33 vs. 34-41). Additionally, mitochondrial DNA differentiates this
taxon from other species of Emmelichthys. We generate mitochondrial genomes for
two of the three type specimens and several other emmelichthyids to place the new
taxon in a phylogenetic context. Analysis of the protein-coding mitochondrial loci calls
into question the monophyly of two emmelichthyid genera (Emmelichthys and Erythro-
cles) and highlights the need for subsequent analyses targeting the intrarelationships
of the Emmelichthyidae.

Buod (Tagalog)

Dito pinakita namin ang isang kakaibang isda na may Tagalog name na Rebentador
pula at English name na Redbait na kabilang sa genus Emmelichthys na nakuha sa
mga pamilihan ng isda sa isla ng Panay at Cebu sa Visayas, Philippines. Ang isdang
ito ay may panglabas na anyo kamukha ng E. struhsakeri pero naiba ito dahil meron
itong dalawa (2) prominenteng fleshy papillae na parte ng cleithrum, may mas konting
pectoral-fin rays na may bilang na 18-19 at gill rakers na may bilang na 30—33. Iniiba ng
mitochondrial DNA ang taxon na ito mula sa iba pang mga species ng Emmelichthys.
Binuo, sinuri at kinumpara namin ang mitochondrial genomes ng dalawang type
specimens ng kakaibang isda at iba pang isda na kabilang sa emmelichthyids para
malaman kung bago nga ba ito. Lumabas sa pagsusuri, gamit ang lahat ng protein-
coding mitochondrial loci, na bago nga ang kakaibang isda. Pero napag-alaman din na
mukhang isang grupo lang at malapit na mag kamag-anak ang 2 genus (Emmelichthys
and Erythrocles) na kasama sa Family Emmelichthyidae kung kaya't kailangan pa ang
ibayong pagsusri sa pagkakakilanlan ng nasabing 2 genus.

Key words: COl, Erythrocles, identification key, mitochondrial genome, mitogenome,
Plagiogeneion, rovers, rubyfishes, systematics, Visayas
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Introduction

The Emmelichthyidae is a small family of fishes found in all temperate and
tropical oceans between depths of 100 and 400 m. Commonly known as rovers,
redbaits, and rubyfishes, emmelichthyids are often bright red in color and can
be distinguished from other fishes by their fusiform bodies, highly protrusible
mouths, toothless or nearly toothless jaws, and large rostral cartilage (Heem-
stra and Randall 1977; Johnson 1980). Little is known about the life history of
emmelichthyids, with a recent study documenting larvae and juveniles of some
species feeding within and around pelagic tunicates (Pastana et al. 2022). The
family currently includes 17 species in three genera: Emmelichthys, Erythrocles
and Plagiogeneion (Fricke et al. 2023; Girard 2024). Among emmelichthyids,
the genus Emmelichthys is diagnosed by a highly fusiform body and separation
of the spinous and soft dorsal fins by a distinct gap that contains one or more
isolated dorsal-fin spines (Heemstra and Randall 1977). Six species are includ-
ed in the genus: E. cyanescens (Guichenot, 1848) [recognized as a species by
Fricke et al. (2014) but see study by Oyarz(n and Arriaza 1993], E. elongatus
Kotlyar, 1982, E. karnellai Heemstra & Randall, 1977, E. nitidus Richardson, 1845,
E. ruber (Trunov, 1976) and E. struhsakeri Heemstra & Randall, 1977. A seventh
species was described by Fricke et al. (2014) but this taxon has been found
to be a species of Dipterygonotus in the Lutjanidae ["Emmelichthys” marisru-
bri = Dipterygonotus marisrubri (Fricke, Golani & Appelbaum-Golani, 2014); see
Girard 2024]. Although a phylogeny of Emmelichthys and the Emmelichthyidae
has yet to be generated, Heemstra and Randall (1977) noted morphological
similarities and suggested relationships among species. For example, they
considered E. cyanescens and E. nitidus to be closely related based on the
presence of prominent protuberances on the anterior margin of the cleithrum
(hereafter referred to as cleithral papillae).

In 2011, a collaboration among researchers at the National Museum of
Natural History, Smithsonian Institution (NMNH), the Bureau of Fisheries and
Aquatic Resources-National Fisheries Research and Development Institute,
Department of Agriculture, Philippines (BFAR-NFRDI), and United States Food
and Drug Administration (FDA) was established to document the diversity of
fishes in Philippine markets. The goal of this collaboration was to develop a
voucher-based genetic reference library to advance consumer safety and bio-
diversity research (Bemis et al. 2023). The project has yielded descriptions of
several new species (e.g., Williams and Carpenter 2015; Carpenter et al. 2017,
Matsunuma et al. 2018) and discovered additional taxa that have yet to be
described (see Bemis et al. 2023). Two emmelichthyid specimens were col-
lected from a fish market on Cebu Island in 2013 that are externally similar to
E. struhsakeri, but they have two prominent fleshy papillae associated with the
cleithrum, fewer pectoral-fin rays, and fewer gill rakers. While reviewing addi-
tional specimens, we identified a third Philippine specimen purchased at a fish
market on Panay Island in 2016 that has the same phenotype as the two spec-
imens from 2013. Examination of both genotypic and phenotypic characters
of these papillae-bearing specimens indicates they represent an undescribed
species. We describe this species and generate a phylogeny based on mito-
chondrial loci to place the taxon in an evolutionary context.
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Materials and methods

Specimen examination

Methods for counts and measurements follow Heemstra and Randall (1977).
Standard length is abbreviated as SL; total length is abbreviated as TL. Museum
abbreviations follow Sabaj (2020) except for NMNH, which refers to non-Fishes
Division equipment and personnel at the National Museum of Natural History,
Smithsonian Institution. All specimens examined in this study, along with their
lengths and museum catalog numbers, are listed in Table 1.

Specimen imaging

We used microcomputed tomography (UCT) to examine internal osteology.
Specimens were scanned using a GE Phoenix vitome| x M 240/180 kV Dual
Tube pCT at NMNH. Scan settings were 120-130 kV, 150 pA, 250 ms exposure
time, and 34-60 pm voxel size. Resulting scans are available through Morpho-
Source project ID 000553669 and media identifiers for individual specimens
can be found in Table 1. Scans of additional species generated in a previous
study (project ID 000553611; Girard 2024) were also downloaded from Mor-
phoSource for examination. All scan data were visualized and segmented us-
ing the protocol in Girard et al. (2022a). All other specimen imaging was per-
formed using equipment and protocols listed in Girard et al. (2020) and Bemis
et al. (2023).

Table 1. Specimens examined in this study.

Collection

Species Museum voucher Count latitude, longitude SL (mm) MorphoSource
Emmelichthys papillatus sp. nov. holotype PNM 15806 1 11.000, 123.000 130 554144
Emmelichthys papillatus sp. nov. paratype USNM 424606 1 10.292, 123.892 122 553712
Emmelichthys papillatus sp. nov. paratype KAUM-I. 193858 1 10.292,123.892 119 553717
Emmelichthys karnellai KAUM-I. 146310 1 212
Emmelichthys karnellai KAUM-I. 149380 1 28.467,129.467 208
Emmelichthys karnellai paratype USNM 214689 1 21.260,-157.207 101 553688
Emmelichthys nitidus CSIRO H4244-01 1 -38.188,149.277 274 553698
Emmelichthys nitidus NSMT P.125978 16 -32.355,130.035 116-123 553651
Emmelichthys struhsakeri holotype USNM 214690 1 20.722,-156.830 150 553667
Emmelichthys struhsakeri paratype USNM 214691 10 20.722,-156.830 136-159
Emmelichthys struhsakeri paratype AMS 1.17244-001 1 -34.330, 151.000 170
Emmelichthys struhsakeri KAUM-I. 149520 1 28.467,129.467 216
Erythrocles microceps NSMT P.102428 10 68-80
Erythrocles schlegelii NSMT P.105302 1 119
Erythrocles schlegelii USNM 403355 1 9.199, 123.267 230
Erythrocles scintillans OCF-P. 3558 1
Erythrocles scintillans holotype USNM 51051 1 282
Plagiogeneion macrolepis CSIRO H8671-01 1 -41.177,144.192 215
Plagiogeneion rubiginosum NZ P.045174 1 -44.178,-176.955 194
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Extraction, sequencing, assembly, and annotation of genetic data

We extracted genomic DNA from 13 samples of the Emmelichthyidae. These
include the new species described in this study, three species of Emmelichthys
(E. karnellai, E. nitidus, and E. struhsakeri), three species of Erythrocles
[E. microceps Miyahara & Okamura, 1998, E. schlegelii (Richardson, 1846), and
E. scintillans (Jordan & Thompson, 1912)], and two species of Plagiogeneion
[P macrolepis McCulloch, 1914 and P. rubiginosum (Hutton, 1875)]. Protocols
for DNA extraction follow the methods described in Weigt et al. (2012). For
12 samples, we sequenced whole mitochondrial genomes (hereafter, mitog-
enomes) using the library preparation and sequencing protocol described in
Hoban et al. (2022). Demultiplexed sequence data received in compressed
FASTQ format were cleaned of adapter contamination and low-quality bas-
es using the parallel wrapper illumiprocessor version 2.10 (Faircloth 2013)
around trimmomatic version 0.39 (Bolger et al. 2014). Cleaned reads were
submitted to GenBank and assigned SRA accession numbers SRR27284234~-
SRR27284245 under BioProject PRINA1052721 (see Table 2). We assembled
mitogenomes using the ‘map to reference’ function in Geneious version 11.1.5
(Kearse et al. 2012) with the settings described in Girard et al. (2022b) and a
reference mitogenome downloaded from GenBank (E. struhsakeri, GenBank
NC_004407; Miya et al. 2003). Assembled mitogenomes were annotated us-
ing MitoAnnotator (Iwasaki et al. 2013; Sato et al. 2018; Zhu et al. 2023). An-
notated mitogenomes were submitted to GenBank and assigned accession
numbers OR974326-0R974337 (see Table 2). For one paratype (KAUM-I.
193858 [ex. USNM 424607]) only the cytochrome oxidase | barcode sequence
was generated following the methods described in Weigt et al. (2012) and
using the primers from Baldwin et al. (2009). The sequence contig was built,
edited, and assembled using Geneious and deposited in GenBank (OR961526;
see Table 2).

Table 2. Genetic voucher and GenBank information for samples examined in this study.

GenBank mitogenome GenBank COIl accession

Species Museum voucher GenBank SRA accession number number

Emmelichthys papillatus sp. nov. holotype PNM 15806 SRR27284241 0OR974328 See mitogenome
Emmelichthys papillatus sp. nov. paratype USNM 424606 SRR27284240 OR974329 See mitogenome
Emmelichthys papillatus sp. nov. paratype KAUM-I. 193858 OR961526

Emmelichthys karnellai KAUM-I. 146310 SRR27284245 0R974326 See mitogenome
Emmelichthys karnellai KAUM-I. 149380 SRR27284244 OR974327 See mitogenome
Emmelichthys nitidus CSIRO H4244-01 SRR27284239 OR974330 See mitogenome
Emmelichthys struhsakeri KAUM-I. 149520 SRR27284238 0R974331 See mitogenome
Emmelichthys struhsakeri NC_004407 See mitogenome
Erythrocles microceps NSMT P.102428 SRR27284237 OR974332 See mitogenome
Erythrocles schlegelii NSMT P.105302 SRR27284236 0OR974333 See mitogenome
Erythrocles schlegelii USNM 403355 SRR27284235 OR974334 See mitogenome
Erythrocles scintillans OCF-P. 3558 SRR27284234 OR974335 See mitogenome
Plagiogeneion macrolepis CSIRO H8671-01 SRR27284243 OR974336 See mitogenome
Plagiogeneion rubiginosum NZ P.045174 SRR27284242 OR974337 See mitogenome
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Phylogenetic analysis

To generate a hypothesis of relationships for the taxa sampled in our study, we
collated orthologous loci from the 13 protein-coding regions of the mitogenome
into individual FASTA files and aligned them with MAFFT version 7 (Katoh and
Standley 2013). Lengths of alignments were as follows: ATPase6 683 base pairs
(bps); ATPase8 168 bps; COI 1551 bps; COIl 691 bps; COIlll 785 bps; CytB 1141
bps; ND1 975 bps; ND2 1046 bps; ND3 349 bps; ND4 1381 bps; ND4L 297 bps;
ND5 1839 bps; ND6 522 bps. Aligned matrices were concatenated for partition-
ing and phylogenetic inference. IQ-Tree version 2.2.0 (i.e., MFP + MERGE; Cher-
nomor et al. 2016; Kalyaanamoorthy et al. 2017; Minh et al. 2020) recovered an
optimal partitioning scheme of six groups based on 39 partitions designated for
the three codon positions in each of the loci. Ten tree searches were performed
in 1Q-Tree using the optimal partitioning scheme and concatenated alignment.
Support for the resulting topology was assessed by generating 500 standard
bootstrap replicates (-bo). Analyses were rooted on Plagiogeneion rubiginosum.

Results
Species description

Emmelichthys papillatus sp. nov.
https://zoobank.org/804D459E-72C9-458A-A347-6CD8D88B2E30

Etymology. Named for the diagnostic fleshy cleithral papillae.

English name. Papillated redbait.

Tagalog name. Rebentador pula.

Types. Holotype. PNM 15806 (ex. KAUM-I. 91845); 154 mm TL; 130 mm SL;
purchased 12 September 2016 from Oton Fish Market; likely captured off lloilo,
Panay Island, Philippines, 11°N, 123°E (Fig. 1, Tables 1-4). Collected by Y. Fukui
and M. Matsunuma (Motomura et al. [2017: 128] identified as E. struhsakeri).
Paratypes. USNM 424606; 138 mm TL; 122 mm SL; purchased 1 June 2013
from Pasil Market, Cebu Island, Philippines, 10°17'30.1"N, 123°53'31.2"E (Fig. 2,
Tables 1-4). Collected by J. T. Williams, K. E. Carpenter, A. Lizano, and A. Ma-
caspac. KAUM-I. 193858 (ex. USNM 424607); 132 mm TL; 119 mm SL; same
collection information as USNM 424606.

Diagnosis. Emmelichthys papillatus is distinguished from congeners in the
Pacific Ocean by the presence of two fleshy papillae on the cleithrum (absent
in E. elongatus, E. karnellai, E. struhsakeri; see Fig. 3) and fewer number of gill
rakers (30-33 vs. 34+ in other species). It can be further differentiated from
E. cyanescens and E. nitidus, which have bony cleithral papillae, by fewer pecto-
ral-fin rays (18—19 vs. 22 in E. cyanescens, 20-23 in E. nitidus) and fewer later-
al-line scales (69-74 vs. 100—105 in E. cyanescens, 87-93 in E. nitidus). It can
also be differentiated from Erythrocles schlegelii, which also has fleshy cleithral
papillae, by Il isolated dorsal-fin spines between the spinous and soft dorsal fin.

Description (See Tables 3, 4 for counts and measurements). Dorsal fin with
anterior VIl spines connected by membrane; penultimate Il spines not connected
to adjacent spines via membrane but with short membrane behind each spine;
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membrane of last dorsal-fin spine connected to first soft dorsal-fin ray. Upper 2
pectoral-fin rays unbranched. Body and head, except for a narrow median region
dorsal to upper lip, covered with ctenoid scales; 5-7 scales from middle of spi-
nous dorsal fin to lateral line; 7-8 scales from dorsal-fin origin and 14-16 from
anal-fin origin to lateral line; 26—28 circumpeduncular scales. Soft dorsal and
anal fins with scaly sheath at base, broadening near last few rays; no scales on
dorsal or anal fins beyond basal sheath; pectoral fins scaled proximally; caudal
fin with small scales on basal fleshy region and proximally on rays. Nostrils small,
subequal, close-set. Maxilla reaching vertical at front edge of pupil. Opercle with
2-3 flat spines. No teeth on vomer, palatines, or jaws. Shallow groove on rear
margin of gill cavity at upper end of cleithrum; cleithrum with two pronounced
fleshy papillae that lack underlying osteological support (Fig. 3A—B; compare
with E. struhsakeri [Fig. 3C—D] and E. nitidus [Fig. 3E—F]). Pectoral fins reaching
slightly posterior to vertical at tips of pelvic fins. Anal fin origin slightly posterior
to vertical at first soft dorsal-fin ray. Anus well in advance of anal fin origin.

Color of market specimens dusky rose dorsally, becoming silver-pink ventral-
ly (Figs 1-2). Indistinct wide lateral bar of yellowish pink below lateral-line ca-
nal. Indistinct dark mottling above the lateral-line canal. Centers of flank scales
darker pink. Dorsal fin pinkish white; pelvic, anal, and caudal fins whitish, with
rays pinker than membrane; pectoral fins pink, grading to white distally; lips red.
In alcohol, uniformly tan, no distinct coloration remains (Fig. 1).

Distribution. All three specimens of Emmelichthys papillatus were collected
from markets of the Visayas region of the Philippines (Fig. 2C). It is unknown if
this species occurs beyond Philippine waters.

Figure 1. Holotype of Emmelichthys papillatus sp. nov. (PNM 15806 [ex. KAUM-I. 91845]) from the Philippines A before
preservation. Photograph by the Kagoshima University Museum B preserved specimen.
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Figure 2. Paratypes of Emmelichthys papillatus sp. nov. and collection localities for specimens examined in this study
A KAUM-1. 193858 (ex. USNM 424607) before preservation B USNM 424606 before preservation. Photographs by J. T.
Williams C distribution of Pacific Emmelichthys spp. type materials examined.

Table 3. Counts and measurements of type specimens for Emmelichthys papillatus sp.
nov. Dashes indicate data not collected because of specimen damage.

Holotype Paratype Paratype
Characters
PNM 15806 USNM 424606 KAUM-I1. 193858
Total length in mm 154 138 132
Standard length (SL) in mm 130 122 119
Dorsal-fin spines XI - Xl
Dorsal-fin spines connected by membrane Vil - Vil
Isolated posterior dorsal-fin spines Il Il Il
Dorsal-fin rays 11 11 11
Pectoral-fin rays 18 19 19
Anal-fin rays 10 10 10
Gill rakers (Upper + Lower) 8+22 8+25 8+25
Lateral-line scales 74 74 69
Fleshy cleithral papillae Present Present Present
Body depth in %SL 19.8 - -
Body width in %SL 12.5 11.6 -
Head length in %SL 27.9 26.0 25.3
Orbit diameter in %SL 7.7 7.0 6.7
Interorbital width in %SL 7.4 6.3 7.1
Predorsal distance in %SL 36.2 34.4 353
Distance from snout to anus in %SL 60.9 - -
Spinous dorsal-fin base in %SL 27.8 27.5 27.4
Pectoral-fin length in %SL 17.7 15.7 16.3
Pelvic-fin length in %SL 14.6 13.1 12.6
Caudal-peduncle depth in %SL 7.2 7.8 7.3
Caudal-peduncle width in %SL 3.5 3.0 4.1
Longest dorsal-fin spine in %SL 13.1 12.6 12.4
Penultimate dorsal-fin spine in %SL 2.1 2.8 1.9
Last dorsal-fin spine in %SL - 3.2 3.2
First anal-fin spine in %SL 1.3 - 1.4
Third anal-fin spine in %SL 4.5 - 5.2
Pelvic base to anus in %SL 28.1 - -
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Figure 3. Pectoral girdle in species of Emmelichthys A fleshy cleithral papillae (arrows) in E. papillatus sp. nov. (PNM 15806
[ex. KAUM-I. 91845] holotype) B uCT scan of pectoral girdle in E. papillatus sp. nov. (PNM 15806 [ex. KAUM-I. 91845] ho-
lotype). Arrow indicates absence of anterior expansion of cleithrum C absence of cleithral papillae in E. struhsakeri (AMS
1.17244-001) D pCT scan of pectoral girdle in E. struhsakeri (USNM 214690 holotype). Arrow indicates absence of anterior
expansion of cleithrum E bony cleithral papillae (arrows) in E. nitidus (NSMT P.125978) F uCT scan of pectoral girdle in E. ni-
tidus (CSIRO H 4244-01). Arrow indicates prominent anterior expansion of cleithrum that supports ventral cleithral papilla.
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Table 4. Counts and measurements among species of Emmelichthys. Values for species not described in this study from
Heemstra and Randall (1977), Kotlyar (1982) and Fricke et al. (2014). Dashes indicate data not available.

Characters

Dorsal-fin spines

Dorsal-fin spines connected by membrane

Isolated posterior dorsal-fin spines
Length of posterior dorsal-fin spines
Dorsal-fin rays

Pectoral-fin rays

Anal-fin rays

Gill rakers

Lateral-line scales

Cleithral papillae

Body depth in %SL

Body width in %SL

Head length in %SL

Orbit diameter in %SL

Interorbital width in %SL

Predorsal distance in %SL
Distance from snout to anus in %SL
Spinous dorsal-fin base in %SL
Pectoral-fin length in %SL

Pelvic-fin length in %SL
Caudal-peduncle depth in %SL
Caudal-peduncle width in %SL
Longest dorsal-fin spine in %SL
Penultimate dorsal-fin spine in %SL
Last dorsal-fin spine in %SL

First anal-fin spine in %SL

Third anal-fin spine in %SL

Pelvic base to anus in %SL

E. papillatus sp. nov. | E. cyanescens | E. elongatus | E. karnellai E. nitidus E. ruber | E. struhsakeri
Xl X=XV Xl X=X X=XV X=X X=Xl
Vil X=X Vil VIII=1X IX=X VII=IX VII=-X
Il (Il 1] V-V =11 n-v 1=
Protruding Protruding Protruding | Embedded | Protruding Embedded | Protruding
11 9-10 9-10 10-11 9-11 9-11 10-12
18-19 22 18-20 21-23 20-23 19-20 19-21
10 10-11 9-10 9-10 9-10 9-10 9-10
30-33 39-42 34-38 37-43 37-43 33-38 34-11
69-74 100-105 61-68 76-85 87-98 71-74 68-76
Present - Fleshy | Present - Bony Absent Absent | Present-Bony Absent Absent
19.8 18.0-22.0 15.0-19.0 | 19.0-22.0 | 19.0-24.0 19.0-28.0 | 20.0-25.0
11.6-12.5 - 11.0-13.0 | 14.0-17.0 | 11.0-17.0 11.0-16.0 13.0-16.0
25.3-27.9 25.0-27.0 26.0-27.0 | 25.0-27.0 | 25.0-30.0 25.0-32.0 = 26.0-30.0
6.7-7.7 7.1-8.7 6.5-9.6 8.8-9.6 7.0-11.0 8.6-12.9 9.0-11.1
6.3-7.4 5.9-6.2 5.4-6.6 7.0-7.7 6.0-7.7 5.8-7.1 6.3-7.8
34.4-36.2 35.0-37.0 - 37.0-39.0 = 35.0-39.0 35.0-43.0  35.0-40.0
60.9 64.0-67.0 - 57.0-66.0 | 64.0-72.0 57.0-62.0 58.0-63.0
27.4-27.8 30.0-31.0 28.0-36.0 | 32.0-34.0  30.0-36.0 25.0-31.0 = 26.0-30.0
15.7-17.7 18.0-20.0 16.0-20.0 | 17.0-19.0 | 19.0-24.0 16.0-20.0 18.0-21.0
12.6-14.6 13.0-14.0 10.0-14.0 4 11.0-15.0 13.0-17.0 12.0-20.0 14.0-16.0
7.2-7.8 6.0-7.1 5.8-7.5 5.7-7.7 6.5-8.5 6.3-11.6 6.4-8.3
3.0-4.1 - 52-7.2 4.2-4.9 2.8-5.7 - 3.0-5.5
12.4-13.1 12.0 - 12.0-16.0 = 12.0-15.0 12.0-15.0 13.0-16.0
1.9-2.8 2.9 - 2.6-3.7 2.5-3.8 0.6-1.3 2.1-3.8
3.2 2.5 - 3.3-4.1 2.1-3.7 3.1-3.6 3.1-5.5
1.3-1.4 1.5-1.9 1.1-2.4 1.0-1.9 1.0-2.9 1.2-3.8 1.4-2.8
45-52 42-53 2.7-6.0 41-6.4 3.1-6.7 4.8-7.1 47-7.3
28.1 - 25.0-30.0 @ 8.0-11.0 15.0-27.0 - 9.0-14.0

Mitochondrial data

Mitogenomes of two type specimens are circular and 16,614-16,616 bps in length
(99.9% similar; 9 bps different total). Both encoded 37 mitochondrial loci (13 pro-
tein coding, 22 tRNAs, and 2 rRNAs) and one non-coding control region (D-loop).
Of these, 26 loci are on the majority strand and the remaining nine are on the mi-
nority strand. The locus order matches that of previously sequenced species of
Emmelichthys (Fig. 4; Miya et al. 2003). Sequences of E. papillatus are 82.5-87.5%
similar (2046-2964 bps different total) to all other emmelichthyids sampled in this
study. The COI barcode from the three types is 99.85-100% similar (1 bp different
total), with sequences of E. papillatus 88.5-91.3% similar (130—184 bps different
total) from all other emmelichthyids sampled in this study.

Results of phylogenetic analysis

All ten tree searches resulted in a single optimal topology with slightly different
branch lengths. The best-scoring topology (Ln L = —37445.526) is shown in
Fig. 4. High levels of support were recovered, with all but one node having a
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value 297% (Fig. 4). We recovered all three specimens of E. papillatus in an inde-
pendent lineage from other species of Emmelichthys sampled (i.e., E. karnellai,
E. nitidus and E. struhsakeri). Emmelichthys is recovered as a non-monophyletic
group, with species of Erythrocles nested among the species of Emmelichthys.
Emmelichthys nitidus is the earliest-diverging species, with the remaining taxa

Emmelichthys papillatus sp. nov.
PtM 15806 holotype

Emmelichthys papillatus sp. nov.
USMNIM 424606 paratype

13 genes; 2 rRNAs; 22 tRNAs
16,614 bp
GC: 48%

13 genes; 2 rRNAs; 22 tRNAs
16,616 bp
GC: 48%

;.r-‘ 74 Complex | (NADH dehydrogenase) _
g&’f B W Complex IV {qrmcirmnz ¢ oxidase) ?é,f i
L] W ATP synthase §
B Transfer RNA
B Ribosomal RNA
c W Other

............................................................................ Emmelichthys nitidus CSIRO H4244-01
- Emmelichthys struhsakeri KAUM-I.149520
L. Emmelichthys struhsakeri NC_004407
-- Emmelichthys karnellai KAUM-1.146310
- Emmelichthys karnellai KAUM-I.149380
.............. ‘i Erythrocles microceps NSMT P102428
............ it .. Erythrocles scintillans OCF-P. 3558
- Erythrocles schlegelii NSMT P.105302
- Erythrocles schlegelii USNM 403355
Emmelichthys papillatus sp. nov. KAUM-I. 193858

Emmelichthys papillatus sp. nov. PNM 15806

Emmelichthys papillatus sp. nov. USNM 424606

Figure 4. Mitogenome structure and placement of E. papillatus sp. nov. among species of Emmelichthys A mitogenome
structure of E. papillatus sp. nov. (PNM 15806 [ex. KAUM-I. 91845] holotype) B mitogenome structure of E. papillatus sp.
nov. (USNM 424606 paratype) C phylogeny of emmelichthyids based on 13 protein-coding mitochondrial loci. Bootstrap
values not listed, see text.

0.04
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sampled recovered in two clades. In one clade, Emmelichthys struhsakeri is
the earliest-diverging species, with Emmelichthys karnellai sister to a clade of
Erythrocles microceps and Erythrocles scintillans. In the other clade, all sam-
ples of E. papillatus are recovered sister to all samples of Erythrocles schlegelii

(Fig. 4).

Discussion
Fishery implications

We did not identify additional specimens of Emmelichthys papillatus in col-
lections beyond the three type specimens described in this study. This may
be due, in part, to the rarity of emmelichthyids housed in museums, a lack
of species-specific identification of freshly caught specimens, and/or the
challenges of species-specific identifications for emmelichthyids broadly.
In the Philippines, species of Emmelichthys are caught by bagnet, Danish
seine, fish corrals, hook and line, otoshi ami, purse seine, ringnet, station-
ary liftnet, and trawl, but are not typically identified to species (Calvelo et
al. 1991). Locally known as rebentador, sikwan and tuliloy, species of Em-
melichthys are sold in markets, especially in Caraga, Cebu and Panay. It is
unknown what percentage of Emmelichthys spp. catch in the Philippines is
E. papillatus.

Non-monophyly of Emmelichthys and Erythrocles

When compared with species of Plagiogeneion, species of Emmelichthys
and Erythrocles have divided spinous and soft dorsal fins and more fusiform
bodies (see Heemstra and Randall 1977). Along with the morphology of the
dorsal fin, Heemstra and Randall (1977) further separated the genera of em-
melichthyids by differences in head length and body depth; however, we lack
a phylogenetic assessment targeting emmelichthyid intrarelationships. Ra-
bosky et al. (2018) included one species of Emmelichthys (E. nitidus), two
species of Erythrocles (E. monodi Poll & Cadenat, 1954 and E. schlegelii) and
two species of Plagiogeneion (P. macrolepis and P. rubiginosum) in their study
on the broad relationships among ray-finned fishes, recovering Erythrocles as
non-monophyletic based on five overlapping loci (see their suppl. materials).
Similarly, we recovered a non-monophyletic Erythrocles in our study as well
as a non-monophyletic Emmelichthys. As the intrarelationships among em-
melichthyids are beyond the scope of this study, we do not modify the classi-
fication of the family based on our dataset. Morphological convergence has
caused confusion about the taxonomy and classification of the Emmelichthy-
idae for nearly 80 years (see Schultz 1945; Heemstra and Randall 1977;
Johnson 1980; Girard 2024) and the dorsal-fin morphology and differences
in head length and body depth that diagnose Emmelichthys, Erythrocles and
Plagiogeneion may have repeatedly evolved within the family. Subsequent in-
vestigations into the intrarelationships of Emmelichthyidae are needed to un-
derstand the evolution of these and other morphological characters of rovers,
redbaits and rubyfishes.
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Key to the species of Emmelichthys (modified from Heemstra and
Randall [1977] and Fricke et al. [2014])

1 Posterior dorsal-fin spines embedded within dorsal profile of body......... 2
—  Posterior dorsal-fin spines protruding above dorsal profile of body.......... 3
2 Lateral-line scales 71-74; pectoral-fin rays 19-20; total gill rakers 33-38
................................................ E. ruber (Bermuda, Jamaica and St. Helena)
—  Lateral-line scales 76-85; pectoral-fin rays 21-23; total gill rakers 37-43
........................................ E. karnellai (Hawaiian Islands and Easter Island)
3 Lateral-ling SCales 61 =76......cccccveiriiieiieeieeeeete e 4
—  Lateralline scales 87=T05 ......cooieoieiieieeieee e 6
4  Lateral-line scales 61-68; body depth 15.0-19.0% SL.......ccceeovieiiiieirienns
..................... E. elongatus (Nazca Ridge and Southeastern Pacific Ocean)

—  Lateral-line scales 68-76; body depth 19.8—25.0% SL.......ccceeovrveeenirnnne. 5
5  Pectoral-fin rays 18-19; gill rakers 30-33; fleshy cleithral papillae pres-
=Y ) SO E. papillatus sp. nov. (Philippines)

- Pectoral-fin rays 19-21; gill rakers 34-41; cleithral papillae absent...........
.............................. E. struhsakeri (Australia, Hawaiian Islands and Japan)
6  Lateral-line scales 87=98.........cccccoeivieieieienieeeeeeee E. nitidus (Aus-
tralia, New Zealand, St. Paul and Amsterdam Islands and South Africa)
—  Lateral-line scales T00=T05 ......ccooiriiieieieieeeeee e
..................................... E. cyanescens (Chile and Juan Fernandez Islands)
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Abstract

The taxonomic validity of Dolichovespula kuami, especially in relation to D. flora, has
been the subject of a long-term debate. Herein, the valid specific status of the former
was supported through an integrated analysis of morphological characters and DNA
barcodes. The pronotal rugae and male genitalia of the two species are different, and
partial mitochondrial genes (cytochrome oxidase subunit I, COIl) indicate that they form
significantly distinct lineages. The hitherto unknown male of D. kuami is described for
the first time, and a brief discussion of the D. maculata species group is provided.

Key words: Description, DNA barcoding, Dolichovespula flora, male, mt-COlI, taxonomy,
Vespidae, wasp

Introduction

To date, 19 species in the genus Dolichovespula Rohwer, 1916 (Hymenoptera:
Vespidae) have been described from the Palaearctic, Nearctic and Oriental re-
gions (Archer 2012; Tan et al. 2014; Daglio 2020; Wang et al. 2022). Among
these, the Dolichovespula maculata group includes a total of four species
(D. flora Archer, 1987, D. maculata (Linnaeus, 1763), D. media (Retzius, 1783)
and D. kuami Kim & Yoon, 1996), the members of which are characterized by
the presence of pronotal striae (or furrows), the structure of the male aedea-
gus, and a strongly notched seventh gastral sternum (Archer 2012). Within
this group, the taxonomic validity of D. kuami with respect to D. flora remains
a matter of contention (Archer 1999, 2006, 2012). Whereas Tan et al. (2014)
considered these to be conspecific taxa, Kim (2011) has presented evidence
to indicate that D. kuami is a valid discrete species. This discrepancy can be
attributed, at least in part, to a lack of information regarding male character-
istics and differences in interpreting the related morphological variations.
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In 2014, however, Tan et al. described the males of D. flora after discovering
their nests. Recently, two of the authors of this study (JKK and MBC) identified
two young and mature nests of D. kuami in Korea and obtained specimens of
all relevant castes in 2018 and 2019, respectively.

In an attempt to resolve the longstanding debate surrounding the taxonomic
validity of D. kuami and D. flora, in this study, we performed further morpholog-
ical comparisons and DNA barcode analyses (using the partial mt-COI gene).
We also thoroughly re-examined the orientation of the pronotal rugae and the
structure of the male genitalia, and compared DNA barcodes of the two spe-
cies to assess their genetic limits. A description of the previously unrecorded
male of D. kuami is also provided.

Materials and methods
Morphological terminology

Theterminology used in this study follows that described by Archer (1987,1999).

Illustrations

The images were captured using a Leica DFC 495 camera mounted on a Leica
M205A stereozoom microscope (Leica Microsystems, Solms, Germany) and
acquired by using LAS v.4.1.0 (Leica Microsystems, Switzerland). In addition, to
observe the pronotal rugae of D. kuami and D. flora, scanning electron micros-
copy (SEM) images of specimens selected from each species were obtained.
Subsequently, the head, metasoma, wings and legs were removed and only the
mesosoma was retained. The separated mesosomes were immersed in 10%
NaOCI to remove excess tissue. The detached mesosoma was washed with
distilled water using a soft brush to remove the remaining tissues. After clean-
ing, the samples were dried and coated with gold ion particles for SEM obser-
vation (Hitachi SU8220 & SU8230, Tokyo, Japan). Image plates were prepared
using Adobe Photoshop CS6 (Adobe Systems Inc., San Jose, CA, USA).

DNA extraction and amplification

Genomic DNA was extracted from the hind legs of dried or 100% alcohol-pre-
served specimens using the DNeasy Blood and Tissue Kit (Qiagen) after in-
cubating for 24 h at 56 °C in lysis buffer and Proteinase K, as per the manu-
facturer’s instructions. A total of 26 specimens of D. kuami, eight specimens
of D. media, and two specimens of D. flora were sequenced. The cytochrome
c oxidase | barcoding region was amplified using the primer pair LepF1 and
LepR1 (Hebert et al. 2004). PCR was performed using Solg™ 2X Tag PCR
Pre-Mix (Solgent). We prepared 30 pL of reaction mixture containing 15 pL
of PCR Pre-Mix, 11 pL of nuclease-free dH,0, 2 uL DNA template, and 1 pL of
10 pmol of each primer. A typical PCR program started with 4 min of initial
denaturation at 94 °C, followed by 40 cycles of 30 s at 94 °C, 45 s of annealing
at 45 °C, and 45 s of elongation at 72 °C, ending with a 6-min period of final
elongation at 72 °C.
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Molecular phylogenetic analyses

Sequence reads were edited and assembled using Geneious 11 (Biomatters,
Auckland, New Zealand). The optimal model (GTR+I+G) for each partition was
selected using the Akaike information criterion in jModelTest (Posada 2008).
The tree was constructed using the maximum-likelihood method with RAXML
v.8.1.2 (Stamatakis 2014), with 1000 bootstrap replications. Successful se-
quences were submitted to the NCBI GenBank (accession numbers presented
in Table 1).

In addition, for phylogenetic analysis, other Dolichovespula species and out-
groups, excluding the D. maculata group (D. flora, D. maculata, D. media and
D. kuami), included were as follows: KU874880 (Dolichovespula norwegica),
KM568773 (D. alpicola), MG374965 (D. norvegicoides), KJ147234 (D. saxoni-
ca), KJ147233 (D. pacifica), KJ147230 (D. arenaria), KM567260 (D. adulterina),
KJ147235 (D. sylvestris), KJ147244 (Vespa crabro) and LT977378 (Formica
fusca) (Table 1). The latter two species, from Vespidae and Formicidae, re-
spectively, were included to test the monophyly of the family and root the
tree, respectively.

Specimens

Thirty-flve specimens were used in this study to review the taxonomic posi-
tions of the focus species, D. kuami (25) from the Korea National Arboretum
(Pocheon, Republic of Korea) and D. flora (2) from Northwest University (Xi'an,
China), and D. media (8).

Results

Comparison of the pronotal rugae and carina of D. kuami and D. flora

The pronotum rugae of D. kuami were generally very dull and faint (Fig. 1A),
whereas those of D. flora were relatively more distinct (Fig. 1D). We found that
D. kuami has faint longitudinal rugae on the pronotal lateral face next to the
pronotal pit (Fig. 1B), and the remaining posterior area has fine rugae running
vertically (Fig. 1C). On the other hand, D. flora has distinct longitudinal rugae
(Fig. 1E) that run downward, except in the upper pronotal area (Fig. 1F). Thus,
there is a clear difference between the pronotal rugae of these two species.
Additionally, the pronotum carina was sharper in D. kuami than in D. flora.

Comparison of the external genitalic features of male D. kuami and
D. flora

Genitalia (Fig. 2A—F). The external features of the genitalia of D. kuami and
D. flora are very similar (Fig. 2A, D; also refer to Tan et al. 2014 for D. flora).
However, D. kuami had a triangular parameral spine (Fig. 2C, arrow), whereas
that of D. flora is short and slender (Fig. 2F, arrow). In addition, D. kuami has
a truncated dorsal terminal process (Fig. 2A, arrow), whereas it is somewhat
edged or shortly rounded in D. flora (Fig. 2D, arrow).
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Table 1. Specimens, vouchers and GenBank accession information of Dolichovespula species included in the molecular

phylogenetic analysis.

Species

1. Dolichovespula kuami Kim & Yoon, 1996

2. D. media (Retzius, 1783)

3. D. flora Archer, 1987

4. D. maculata (Linnaeus, 1763)

5. D. norwegica (Fabricius, 1781)
6. D. alpicola (Wagner, 1978)

7. D. norvegicoides (Sladen, 1918)
8. D. saxonica (Fabricius, 1793)

9. D. pacifica (Birula, 1930)

10. D. arenaria (Fabricius, 1775)
11. D. adulterina (Buysson, 1905)
12. D. sylvestris (Scopoli, 1763)
13. Vespa crabro Linnaeus, 1758
14. Formica fusca Linnaeus, 1758

Specimens
Korea: Gyeonggi-do, Pocheon-si
Korea: Gyeonggi-do, Pocheon-si
Korea: Gyeonggi-do, Yangpyeong-si
Korea: Gangwon-do, Hwacheon-gun
Korea: Gangwon-do, Hwacheon-gun
Korea: Gyeonggi-do, Cheorwon-gun
Korea: Gyeonggi-do, Pocheon-si
Korea: Gangwon-do, Hwacheon-gun
Korea: Gyeonggi-do, Namyangju-s
Korea: Gyeonggi-do, Yeoju-gun
Korea: Gyeonggi-do, Namyangju-s
Korea: Gyeonggi-do, Yangju-si
Korea: Gangwon-do, Hwacheon-gun
Korea: Gyeonggi-do, Yangpyeong-s
Korea: Gyeonggi-do, Yangpyeong-s
Korea: Gyeonggi-do, Pocheon-si
Korea: Gyeonggi-do, Pocheon-si
Korea: Gyeonggi-do, Paju-s
Korea: Gyeonggi-do, Yangpyeong-s
Korea: Gangwon-do, Yanggu-gun
Korea: Gyeonggi-do, Yeoju-gun
Korea: Gangwon-do, Yanggu-gun
Korea: Gyeonggi-do, Pocheon-si
Korea: Gyeonggi-do, Pocheon-si
Korea: Gyeonggi-do, Pocheon-si
Korea: Gyeonggi-do, Pocheon-si
Korea: Gangwon-do, Yanggu-gun
Korea: Gangwon-do, Goseong-gun
Korea: Gangwon-do, Yanggu-gun
Korea: Gangwon-do, Goseong-gun
Korea: Gangwon-do, Hwacheon-gun
Korea: Gangwon-do, Yanggu-gun
Korea: Gangwon-do, Yanggu-gun
Korea: Gangwon-do, Goseong-gun
China: Shaanxi, Huangbaiyuan
China: Shaanxi, Huaxian
GenBank search
GenBank search
GenBank search
GenBank search
GenBank search
GenBank search
GenBank search
GenBank search
GenBank search
GenBank search
GenBank search
GenBank search
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Vouchers
20Ves0603
20Ves0604
20Ves0605
20Ves0606
20Ves0607
20Ves0608
20Ves0609
20Ves0610
20Ves0611
20Ves0613
20Ves0614
20Ves0615
20Ves0616
20Ves0617
20Ves0619
20Ves0621
20Ves0622
20Ves0623
20Ves0624
20Ves0627
20Ves0628
20Ves0630
20Ves0631
20Ves0632
20Ves0633
20Ves0635
20Ves0594
20Ves0595
20Ves0596
20Ves0597
20Ves0598
20Ves0599
20Ves0600
20Ves0601
20Ves0643

China004

GenBank

GenBank

GenBank

GenBank

GenBank

GenBank

GenBank

GenBank

GenBank

GenBank

GenBank

GenBank

GenBank Accession #

OR029465
OR029466
OR029467
OR029468
OR029469
OR029470
OR029471
OR029472
OR029473
OR029474
OR029475
OR029476
OR029477
OR029478
OR029479
0OR029480
OR029481
OR029482
OR029483
OR029484
OR029485
OR029486
0OR029487
OR029488
OR029489
OR029490
OR029457
OR029458
OR029459
OR029460
OR029461
OR029462
OR029463
OR029464
OR029491
OR029492
KU874876
KJ147231
KU874880
KM568773
MG374965
KJ147234
KJ147233
KJ147230
KM567260
KJ147235
KJ147244
LT977378
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Figure 1. Comparison between the pronotal rugae and carinas of D. kuami and D. flora. Pronotum of D. kuami (A) and
D. flora (D); rugae and carinas in the pronotal lateral part to the pronotal pit of D. kuami (B) and D. flora (E); rugae on the
pronotum of D. kuami (C) and D. flora (F). Arrows in figures A, D indicate the enlarged parts in B, C, E, F. Scale bars: 0.5 mm.

Figure 2. Genitalia of Dolichovespula kuami (A—C) and D. flora (D—F) A genitalic capsules, in dorsal view (truncated dorsal
terminal process, arrow) B aedeagus C gonostipes and triangular parameral spine (arrow) D genitalic capsules, in dorsal view
(shortly rounded terminal process, arrow) E aedeagal tip F gonostipes and slender parameral spine (arrow). Scale bars: 1 mm.
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DNA barcoding

Phylogenetically, D. maculata clearly clustered with other Dolichovespula spp.
(Fig. 3). In the D. maculata group, D. flora was more closely related to D. macu-
lata and D. media, whereas D. kuami clustered as a sister species to the clade
that included these three species (Fig. 3). Thus, the two species D. flora and
D. kuami stat. rev. were clearly separated into well-supported clusters, and the
genetic distance between them was relatively high (average DNA barcode dis-
tance: 0.0996), suggesting that they represent two biological species. These
results were further supported by those of the morphological examination.
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B e ases
RITATIE O savwmirs o
gy Dolichovepula spp.
WNEFIID I i
MG O st
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Figure 3. A maximum-likelihood phylogenetic tree of the successfully DNA barcoded Dolichovespula specimens. The
numbers above the branches indicate bootstrap proportions.

Discussion

According to Archer (1999), D. kuami was treated as a conspecific to D. flora
because the orientation of the rugae in the lateral part of the pronotum is the
same, and the observed differences in body color are a type of variation. Al-
though Kim (2011) re-described this aspect with additional specimens, Archer
(2012) consistently insisted that these two species were conspecific. In fact,
as shown by Kim (2011) (Fig. 2), the rugae of the pronotum were not clearly
distinguished under light microscopy because they are the same color as the
base color. Therefore, in this study, we attempted to obtain very clear rugae im-
ages using SEM and observed that the pronotal rugae of the two species were
clearly different. Despite these morphological differences, differences in male
genitalia or DNA sequences are most critically needed to provide evidence of
the difference between these two species (Archer 1999; Tan et al. 2014).
Dolichovespula kuami and D. flora are uncommon species in Korea and Chi-
na, respectively, and their nests and males have not been recorded for many
years. Tan et al. (2014) collected males of D. flora and described their genitalia.
We collected males for the first time in 2018, when the first nest of D. kuami
was discovered. This discovery enabled us to compare the male genitalia of
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the two species. In general, their external morphologies were relatively simi-
lar, but there were clear differences in the parameral spine and dorsal terminal
processes. None of the D. kuami strains were conspecific to D. flora based on
evidence of their pronotal rugae, color patterns (Fig. 4), genitalia and DNA se-
quences. These results support the conclusion of the long-term conspecific
debate and the specific status of D. kuami.

Additionally, DNA barcoding is an excellent tool for accelerating species iden-
tification and complementing species delimitation (Mo et al. 2021; Zhang and
Wenjun 2022; Jafari et al. 2023). In particular, COl barcode information from the
genus Polistes, a related genus of Vespidae, provides insight into the phyloge-
netic relationships within the group (Schmid-Egger et al. 2017). Based on the
results of this study, morphological evidence and DNA barcoding in Vespidae
will provide critical evidence to resolve species delimitations in the future.

Figure 4. Comparison of the general habitus of Dolichovespula kuami and D. flora (A, D queen B, E worker C, F drone): D.
kuami (A-C) D. flora (D—F). Scale bars: 1 cm.
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Abstract

Historical, nomenclatural, technical, and biological problems associated with the 42 spe-
cies of Mesothrips are discussed. Type specimens have been re-examined of 14 of the
25 species that were described prior to 1930 and remain known only from imperfectly
slide-mounted specimens. As a result, seven new synonyms are recognised. From China,
six species of Mesothrips have been listed, but the records of M. alluaudi and M. manii
are rejected, and three new species are described: M. jianfengi sp. nov., M. longistylus sp.
nov., and M. vernicia sp. nov. These three species are divergent from other members of
Mesothrips in lacking a prominent fore tarsal tooth and may indicate a possible generic
relationship to the flower-living species in the Asian genus Dolichothrips. An illustrated
key is provided to the seven Mesothrips species now known from China.

Key words: Key, M. jianfengi, M. longistylus, M. vernicia, new species

Introduction

The genus Mesothrips Zimmermann, 1900 continues to comprise one of the
most misunderstood groups of leaf-feeding species in the subfamily Phlaeo-
thripinae. The 42 species listed under this genus name are all presumed to be
gall-living, with some of them almost certainly gall-inducing (ThripsWiki 2023).
Publications referring to these thrips involve a series of problems. At least 25 of
the species listed in the genus were described prior to 1930. They were based
on specimens that were not mounted to modern standards and are difficult to
study and compare (Fig. 1). Subsequent recordings of these named species by
other authors are commonly based solely on published data, not on study of
type specimens, and there are no studies on the life-history, host specificity, or
dispersive activity of these species. As a result, much of the published taxon-
omy for this genus requires further verification, based on good field samples
rather than just re-examination of the 100-year-old type specimens.
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The problems began with the original description of the genus and the five
new species that Zimmermann included and described. The first of these, Me-
sothrips uzeli Zimmermann, 1900 was also placed by Zimmermann as the only
species of his second new genus, Gynaikothrips Zimmermann, 1900. In point-
ing this out, Priesner (1929a) indicated that three of the other five listed species
should also probably be placed in Gynaikothrips, and so he recognised Meso-
thrips jordani Zimmermann, 1900, the fourth of Zimmermann’s species, as the
type species of Mesothrips. Priesner further listed 16 species that he consid-
ered likely to be members of this genus, of which M. australiae Hood, 1918 is
now placed as a synonym of M. jordani. However, the 16 species did not include
all the names available in this genus at the time Priesner was writing, with three
species by Karny not mentioned: M. armatus Karny, 1913, M. picticornis Karny,
1913, and M. lividicornis Karny, 1923, nor M. alluaudi Vuillet, 1914 from Mada-
gascar and M. sus (Priesner, 1921) from Java.

Ananthakrishnan (1976) is the only author to attempt an extensive revision
of the members of Mesothrips, and he provided a key to 28 of the 37 species
known at that date. The first couplet of the key appears to be clear; eight spe-
cies have the fore wings either clear or with light shading around the margins
distally, whereas all the other species have fore wings more or less shaded.
But interpretation within the key of the first of these choices seems inconsis-
tent, because of the eight species treated as having clear fore wings two ac-
tually have the distal half of the wing shaded, M. constrictus (Karny, 1912) and
M. leeuweni Karny, 1913. A similar problem arises with decisions concerning
wing colour in couplets 9 and 10. Certainly the fore wings of some species are
fully shaded, such as M. breviceps Karny, 1913, but the fore wings of M. jor-
dani are shaded only on the distal half, the fore wing basal half being pale and
with no longitudinal markings. Unfortunately, in slide mounted specimens that
have been cleared for critical study the fore wings may have lost much of their
colour, and wing colour may vary between individuals in a population, in rela-
tion to maturity and body size. Head length has also been used to distinguish
species in this genus, although this length is interpreted here as being variable
within and between populations of M. jordani. Similarly, the relative lengths of
the pronotal epimeral and postero-angular setae have been used to distinguish
species, but these setae are also more variable than some authors have con-
sidered. The key to nine Mesothrips species from India (Ananthakrishnan and
Sen 1980) includes similar problematic decisions. As a result, in the present
study of Mesothrips from China, some species are newly placed into synonymy,
based on examination of the original specimens.

Two further authors have produced identification keys to species of this ge-
nus from particular areas. Reyes (1994) recorded five species from the Phil-
ippines, although the first species in that key, M. ignotus Reyes, 1994, is now
recognised as a member of the genus Adelphothrips Priesner, 1953 (ThripsWiki
2023). Moreover, the statement in the key that the compound eyes of M. leeu-
weni are prolonged ventrally is not correct. Some syntypes of that species cer-
tainly have the pigment of the eyes migrated posteriorly and somewhat distant
from the eye structure, but the posterior margin of the eye itself is visible and
the eye is slightly shorter ventrally than dorsally. Okajima (2006) provided a
clear generic diagnosis together with a key to the two species known from Ja-
pan, M. claripennis Moulton, 1928 and M. jordani. The first of these has the fore
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wings uniformly pale and lives on Ardisia [Primulaceae], whereas the second
has the wings uniformly shaded on the distal half and lives on Ficus [Moraceae].

Interpreting the taxonomic significance of structural variation between pop-
ulations of gall thrips involves problems. Previous authors have commonly
stressed slight structural differences, considering that these distinguish spe-
cies, although such hypotheses remain untested. An alternative hypothesis is
equally valid, that small structural differences are intra-specific and reflect in
gall-thrips populations a founder effect. This second hypothesis assumes that
a population within a single gall is usually the progeny of a single, once-mated,
female, and hence shows limited structural variation. Similarly, in the absence
of evidence of dispersive activity by Mesothrips species, it can be assumed that
the members of a population on a single tree are likely to be closely related and
more similar to each other than to individuals from more distant populations.
Earlier taxonomic work appears to have assumed that speciation in this genus
has sometimes occurred on single plant species, such as the common Ficus
benjamina. However, we suggest that speciation within the genus Mesothrips is
related to differences between host plant species, although the available host
data to support this suggestion remains inadequate. This dichotomy in hypoth-
eses is involved here in interpreting variation among individuals of what we
consider to be a single species, M. jordani.

Notes on species diversity of Mesothrips

It is currently not possible to produce a revision of the species listed in this
genus, as the type specimens are widely dispersed amongst various collec-
tions, and some are not available for study. For production of this account of
Mesothrips species from China, type specimens (Fig. 1) of 12 nominal species
were borrowed from Senckenberg Museum during a visit by LAM in 2023, and
M. pyctes Karny, 1916 and M. elaeocarpi Ananthakrishnan, 1976 were previous-
ly studied by LHD in 2012 (Dang et al. 2014).

Mesothrips breviceps Karny (1913: 69) is the only species available for study
with uniformly shaded fore wings. One syntype from Java on Ardisia cymosa [Prim-
ulaceae] has been studied (from SMF). Several species have been studied with the
fore wings uniformly pale or with only the extreme margins slightly shaded. One of
these, M. longisetis Priesner, 1929, has exceptionally long pronotal and postocular
setae, and is known from Melastoma malabathricum [Melastomataceae] in Mala-
ya. However, Mesothrips sus was described from two females as the only mem-
ber of a new genus Trichaplothrips Priesner, 1921. These specimens were taken
at Salatiga in central Java from Melastoma polyanthemum, and these two plant
names are now considered to refer to the same plant species, Melastoma affine. A
syntype male of M. longisetis has been studied and compared to the two syntype
females of M. sus (Fig. 7) and these are here considered to represent the same
species. Mesothrips longisetis is therefore considered a new synonym of M. sus.

Mesothrips schouteniae Priesner, 1929 has fore wings pale with margins
slightly shaded and antennae largely yellow, but with pronotal setae less elon-
gate than M. sus; it was described from Java on Schoutenia ovata [Malvaceae].
Also with pale fore wings is M. vitripennis Karny, 1922 (Fig. 19) from Vietnam on
Aporosa leptostachya [Phyllanthaceae], and M. moundi Ananthakrishnan, 1976
(Figs 6, 11) from Hong Kong on Bischofia trifoliata [Phyllanthaceae] is consid-
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ered below as a new synonym of M. vitripennis. Similarly, M. elaeocarpi (Figs 27,
29) is here considered a new synonym of M. vitripennis.

Mesothrips mendax (Karny, 1912) also has pale fore wings but is distinctive
in having slender fore femora and the mouth cone pointed; this species was
taken in central Java in leaf galls on Mallotus repandus [Euphorbiaceae]. Anoth-
er species with similar fore wings is M. ustulatus Karny, 1912 from a leaf gall on
Memecylon [Melastomataceae] in Vietnam, but the two available syntypes are
too poorly preserved for serious comparisons with other species.

The published descriptions of three species from India, M. extensivus Anan-
thakrishnan & Jagadish, 1969, M. acutus Muraleedharan & Sen, 1981 and
M. ambasensis Muraleedharan & Sen, 1981, also state that the fore wings are
pale; the first was described from galls on Anogeissus [Combretaceae], but the
other two merely from galls with no host plant record. In contrast, M. manii
Ananthakrishnan, 1972 was described from southern India as having fore
wings with a yellowish tinge, based on a long series of both sexes from leaf
galls on Santalum album [Santalaceae]. The species M. pyctes (Figs 26, 28, 30,
31) from Java on Eugenia sp. [Myrtaceae] was described as having the fore
wings “schwach graulich” (weakly greyish), and the type specimens of this spe-
cies need to be compared to original specimens of M. manii to determine if
these represent different species. Mesothrips manii has been recorded from
China twice (Zhang 1984; Zhang et al. 1999), but the specimens on which these
records were based, from Hainan and Fujian respectively, have now been re-ex-
amined and are here identified as M. jordani and Bamboosiella sp.

Figure 1. Type specimens of eight species that have been referred to the genus Mesothrips.
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Mesothrips jordani is here considered to be widespread on the leaves of
Ficus benjamina [Moraceae], and this species is interpreted here as having a
characteristic fore wing colour - uniformly shaded on the distal half with the
basal half pale and lacking any dark median line (Fig. 18). Three species are
listed below as new synonyms of M. jordani. However, M. apatelus Karny, 1926
from India, known only from descriptions and the key by Ananthakrishnan and
Sen (1980), is possibly a further synonym of this species.

Mesothrips leeuweni Karny has fore wings that are rather similar to those
of M. jordani but with a more obvious median dark line on the basal half of the
fore wing, also the antennal segments are more extensively pale than is usual
in M. jordani. Karny recorded M. leeuweni at more than one site in Java in leaf
galls on Poikilospermum suaveolens [Urticaceae], although he used the generic
name Conocephalus that is now considered a synonym of Poikilospermum.

Mesothrips picticornis Karny, 1913 also has the distal half of the fore wing
shaded but is distinctive in having antennal segments IlI-V extensively black-
ish brown with the base of each segment pale. Karny described this species
from Java as taken in leaf galls on Vitis papillosa [Vitaceae].

Moulton (1942) described M. guamensis Moulton, 1942 from a single male,
and M. swezeyi Moulton, 1942 from a single female, both specimens having
been taken together under the bark of a tree in Guam. These specimens have
now been re-examined and have broad maxillary stylets arranged in a V-shape
and retracted almost to the postocular setae. Moreover, all the antennal seg-
ments are dark brown. These specimens are here recognised as members of
the Idolothripinae genus Ethirothrips Karny, 1925. Neither specimen has been
cleared before slide mounting and they are thus difficult to study. However, the
two species are here both considered to be new synonyms of the widespread
species Ethirothrips stenomelas (Walker, 1859), of which an excellent modern
description is available (Okajima and Masumoto 2023).

Generic relationships

The genus Mesothrips is a member of the tribe Haplothripini Priesner, as re-
defined by Mound and Minaei (2007) from the Haplothrips-lineage of Mound
and Marullo (1996). The species in this tribe have the fore wings with a median
constriction, although this varies from being almost a pouch to being scarcely
visible. The prosternum has a pair of basantral sclerites, and the metathoracic
sternopleural sutures are not developed. In the males, tergite IX setae S2 are
shorter than setae S1, and sternite VIII lacks a pore plate. Species of Haplo-
thrips Amyot & Serville, 1843 (with very few exceptions) have either one or two
sense cones on antennal segment Ill, whereas all species previously assigned
to Mesothrips have three sense cones on this segment. The type species of Me-
sothrips has the head distinctly constricted at the base, but in other members of
the genus this constriction is only weakly developed. As a result, these species
share character states with Dolichothrips Karny, 1912, an Asian genus in which
the species are not gall-living but are commonly found in flowers, often of the
genera Macaranga and Mallotus (Mound and Okajima 2015). The distinction
between these two genera becomes more confused by the description below of
three new species in the genus Mesothrips, all of which lack a prominent tooth
on the fore tarsus, and one of them has only two sense cones on the third an-
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tennal segment. These three species share several character states and are pre-
sumably closely related to each other. However, their generic relationships are
far from clear, and they are described here in the genus Mesothrips primarily be-
cause of the additional sigmoid setae on the tergites. It is possible that the for-
ests of southwestern China have a previously unknown diversity of leaf-feeding
Phlaeothripinae that will require future revisions of the generic classifications.

Materials and methods

The descriptions and drawings were produced from slide-mounted specimens
with a Nikon Eclipse 80i microscope. Images were prepared with a Leica DM2500
using DIC illumination, and processed with Automontage and Adobe Photoshop
v.7.0. The abbreviations used for the pronotal setae are as follows: am — antero-
marginal, aa — anteroangular, ml — midlateral, epim— epimeral, pa — posteroan-
gular; CPS — campaniform sensilla. The unit of measurement in this study is
the micrometre (um). Most specimens studied here are available in the School
of Bioscience and Engineering, Shaanxi University of Technology (SNUT), Han-
zhong, China, the Australian National Insect Collection (ANIC), CSIRO, Canberra,
Australia, and South China Agricultural University (SCAU). Further slides were
studied on loan from the Senckenberg Museum, Frankfurt (SMF).

Taxonomy

Mesothrips Zimmermann

Mesothrips Zimmermann, 1900: 12. Type species Mesothrips jordani Zimmer-
mann, 1900, by subsequent designation of Priesner 1929a: 452.

Note. From China six species have been recorded in this genus (Dang et al.
2014), but the records of M. alluaudi and M. manii are here rejected. Mesothrips
alluaudi was recorded from China by Moulton (1928b: 318), based on a single
female collected from Machilus sp. at Taihoku, Taiwan by R. Takahashi on 27
June 1927. Subsequent authors in China have repeated this record, but appar-
ently without checking the original Moulton paper. The specimen from Taiwan
was identified by Moulton based only on Vuillet's original description of two
specimens taken in Madagascar, and that original description is insufficient to
place M. alluaudi with confidence into any genus. Moreover, it states that only
two sense cones are present on the third antennal segment, in contrast to the
three on Mesothrips species. The identity of the specimen from Taiwan that
Moulton identified as this species remains unknown. Mesothrips manii was
based on a holotype female taken with over 100 adults of both sexes in leaf
galls on Santalum album in Tamil Nadu, southern India. The original descrip-
tion states that the body length of females was 1718-2215 pym, and the head
length 181-215 pum, with the fore wings having a yellowish tinge, and tergite
IX setae S1 slightly shorter than the tube. Zhang (1984: 17) recorded M. manii
from China on Hainan Island and subsequently Zhang et al. (1999) recorded
this species from Fujian Province. We have now re-examined these specimens;
the four males from Hainan are here recognised as M. jordani and from Fujian
the single female is considered a species of the genus Bamboosiella.
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Generic diagnosis. small to medium sized, dark, macropterous Phlaeothripi-
nae-Haplothripini. Head usually longer than wide, cheeks sharply constricted at
base (Figs 2-7); postocular setae developed; maxillary stylets rather short, usual-
ly not reaching postocular setae, V-shaped (rarely reaching postocular setae, and
parallel medially); maxillary bridge present. Antennae 8-segmented (Figs 811,
31); segment Il with three (rarely two) sense cones, IV with four major sense
cones; VIl usually short. Pronotum well developed, with five pairs of major setae
(Figs 2-7, 26, 27); notopleural sutures complete. Prosternal basantra present;
ferna well developed; mesopresternum usually divided into two lateral triangular
plates; metathoracic sternopleural sutures absent. Fore tarsal tooth usually large
in both sexes (Fig. 5), sometimes absent or scarcely visible (Figs 12, 13). Fore
wings constricted medially, with duplicated cilia (Figs 18, 19). Pelta triangular,
usually with a pair of CPS (Fig. 16); tergites lI-VII each with two pairs of sigmoid
wing-retaining setae, also usually with a pair of accessory sigmoid setae anterior
to first pair (Figs 17, 21, 22); tergite IX setae S1 and S2 long and pointed (Figs 28,
29). Male tergite IX setae S2 short (Figs 24, 25); sternite VIl without pore plate.

Taxonomic account

Key to Mesothrips species from China

1 Fore tarsal tooth absent or minute and visible only when tarsus rotated
(FIGS T2, T3) cuiiieieieeeteeeete ettt ese s 2
-  Fore tarsal tooth present, usually large and pointed (Fig. 5) ......c..cccccvevue.. 4
2 Maxillary stylets parallel medially with transverse maxillary bridge, elon-
gate and at full retraction extending to postocular setae (Fig. 2).................
..................................................................................... M. longistylus sp. nov.
- Maxillary stylets wide apart, arranged in V-shape, short and not reaching to
postocular SEtae (FigS 3=6) ....cccvoeeririeiieieieieiesieieie et 3
3. Antennal segment Il with only 2 sense cones (Fig. 9)..... M. vernicia sp. nov.
- Antennal segment Il with 3 sense cones (Fig. 10)...... M. jianfengi sp. nov.
4 Tergite IX setae S1 and S2 approx. as long as or longer than tube (Fig. 29)...5
- Tergite IX setae shorter than tube (Fig. 28).......cccccevivviveiveeiieieieeeee 6
5 Fore wings distal 1/2 uniformly but sometimes weakly shaded, basal 1/2
pale without any dark longitudinal marks (Fig. 18) [on Ficus]...... M. jordani
-~ Fore wings uniformly pale (Fig. 19).....ccccceevviiirieiiieeeenne, M. vitripennis
6  Anal setae slightly shorter than tube, ~ 0.9 x as long as tube (in Okajima
2000) .ottt M. claripennis
- Anal setae much shorter than tube, ~ 0.6 x as long as tube (Fig. 28)..........
........................................................................................................... M. pyctes

Mesothrips claripennis Moulton
Fig. 23
Mesothrips claripennis Moulton, 1928a: 315.

Material examined. 19, CHINA, Yunnan, Lincang, Cangyuan, from grasses,
8.vi.2021 (SNUT); 14, Guangdong (SCAU); 14, Hainan, Zhanxian, 11.vi.1981
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(SCAU); 12, Hainan, Danzhou, from gall of Aporosa dioica [Phyllanthaceae],
2.xi.2014, Shulan Yang (SCAU); 19, Guangxi, Nanning, from Ficus sp. [Mora-
ceae), 11.vii.1986, Weigiu Zhang (SCAU); 13, Guangxi, Longzhou, 27.vii.1985,
Weigiu Zhang (SCAU).

Comments. Described from China on a single female taken on an unknown
plant by Takahashi, 30.xii.1926 at “Kannonzan, Formosa”, it was subsequently
taken by that collector from other localities and recorded rolling the leaves of
Bladhia sieboldia (Takahashi 1936). Bladhia is now recognised as a synonym of
the Primulaceae genus, Ardisia, and Okajima (2006) recorded the thrips from
leaf rolls on this plant on the Ryukyu Islands, Japan. This species has a smaller
body (~ 2.5 mm) in comparison to most Mesothrips, and the fore wings are
entirely pale. The specimens listed above are identified as M. claripennis from
the description in Okajima (2006).

Mesothrips jianfengi sp. nov.
https://zoobank.org/3166AB9E-F018-42B5-9E4A-DF97D03517A1
Figs 3,10,13,14

Material examined. Holotype, ©, CHINA, Xizang, Zhangmu, taken on leaves of
unknown plant, viii.2013, Jianfeng Wang (SNUT); paratypes, 2913, with same
data as holotype (SNUT); 29214, Yunnan, Dali, on leaves of unknown plant,
viii.20009, Lixin Su (SNUT).

Description. Holotype. Female macroptera. Body brown; all femora and tib-
iae brown, fore tarsi clear yellow, mid and hind tarsi brownish, slightly lighter
than tibiae; antennal segments | and Il brown, Il clear yellow, IV=VI yellow but
shaded on apical half, VIl and VIII brown (Fig. 10); major setae pale; fore wing
slightly greyish.

Head. Head ~ 1.3 x as long as wide (Fig. 3), constricted at base; postocular
setae pointed or slightly blunt at apex, approx. as long as eyes (Fig. 3); eyes
equal in length ventrally and dorsally; maxillary stylets V-shaped, retracted to
median of head; mouth cone long, reaching to posterior margin of basant-
ra. Antennal segments broad (Fig. 10), segment Ill ~ 2.1 x as long as apical
width; Il with three sense cones, IV with four major sense cones, VIl con-
stricted at base.

Thorax. Pronotum with five pairs of setae, slightly blunt at apex, am and aa
approx. equal in length (Fig. 3), epim and pa longer and equal in length; surface
almost smooth, with weak sculpture near margins. All legs slender, fore tarsi
with minute and scarcely visible tooth (Fig. 13). Fore wing with three sub-basal
setae arising in straight line, S1 and S2 equal in length, blunt at apex, S3 slightly
longer, acute at apex, with eight duplicated cilia. Mesonotum transversely retic-
ulate, lateral setae well developed, blunt at apex. Metanotum longitudinally re-
ticulate, major setae slender and acute (Fig. 14). Mesopresternum with paired
lateral triangles, metathoracic sternopleural sutures absent.

Abdomen. Pelta broadly triangular, reticulate, with pair of CPS; tergites II-VII
with two pairs of major wing-retaining setae, one pair of accessory sigmoid se-
tae located anterior to first pair; tergite Il with eight pairs of lateral setae; tergite
IX setae S1 and S2 longer than tube, acute at apex, S3 approx. as long as tube,
acute at apex; tube shorter than head, anal setae shorter than tube.
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2

Figures 2-7. Head and pronotum 2 M. longistylus sp. nov. 3 M. jianfengi sp. nov. 4 M. vernicia sp. nov. 5 M. jordani 6 M. vit-
ripennis (paratype female of moundi) 7 M. sus (syntype female).

Measurements (holotype female in pm). Body length 2820. Head length
(maximum width) 250 (190); distance between maxillary stylets (across bridge)
115; eye length dorsally 90; postocular setae length 90; antennal segments |-
VIl length (width): 45 (35), 50 (35), 75 (35), 75 (40), 65 (30), 60 (25), 55 (25), 35
(15); sense cone on Il length 30. Pronotum length (width) 190 (270); am 40, aa
45, ml 60, epim 100, pa 100. Fore wing length 1160; sub-basal setae S1 90, S2
90, S3 110. Tergite IX setae S1 270, S2 240, S3 180; tube length 220, basal width
75, apical width 50; anal setae length 220.

Male macroptera. Similar to female in colour and sculpture; fore tarsal tooth
scarcely visible; fore wing with ~ 9 or 10 duplicated cilia; abdominal tergite IX
setae S2 small and pointed; sternite VIII without pore plate.

Measurements (paratype male in um). Body length 2460. Head length (max-
imum width) 240 (175); eye length dorsally 85; postocular setae length 75. Pro-
notum length (width) 170 (230); am 35, aa 30, ml 40, epim 80, pa 85. Tergite IX
setae S1 205, S2 25, S3 220; tube length 190; anal setae length 190.

Etymology. The species epithet refers to one of the collectors, Jianfeng
Wang (Shenyang University).
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Figures 8—13. Mesothrips spp. Antennae (8—=11) 8 M. longistylus sp. nov. 9 M. vernicia sp. nov. 10 M. jianfengi sp. nov.
11 M. vitripennis (paratype female of moundi); fore tarsi (12-13) 12 M. vernicia sp. n. 13 M. jianfengi sp. nov.

Comments. This species is closely related to M. longistylus sp. nov., but it
can be distinguished by the short V-shaped maxillary stylets (Fig. 3). The third
new species described here, M. vernicia sp. nov., also has short stylets (Fig. 4),
but M. jianfengi sp. nov. can be differentiated in antennal segment Il with 3
sense cones (Fig. 10).

Mesothrips jordani Zimmermann
Figs 5, 18,22

Mesothrips jordani Zimmermann, 1900: 16.

Leptothrips angusticollis Karny, 1915: 88. Syn. nov.
Mesothrips annamensis Priesner, 1929b: 215. Syn. nov.
Leptothrips constrictus Karny, 1912: 150. Syn. nov.

Material examined.19, CHINA, Shaanxi, Hanzhong, 10.iv.2016, Kan Liu and Hui
Lin (SNUT); 19, Fujian, Xiamen, from gall of Ficus sp. [Moraceae], 23.vi.2015,
Lihong Dang (SNUT); 1914, Yunnan, Puer, from Ficus concinna [Moraceae],
11.vii.2022, Yangiao Li (SNUT); 44, Hainan, Diaoluoshan, from Ficus sp. [Mora-
ceae), 5.iv.1984, Weiqiu Zhang (SCAU); 121, Guangxi, Nanning, from Ficus sp.
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Figures 14-25. Mesothrips spp. Meso- and metanotum (14-15) 14 M. jianfengi sp. nov. 15 M. longistylus sp. nov.; M. longi-
stylus sp. nov. (16=17) 16 pelta 17 tergites IlI-1V; fore wings (18—-20) 18 M. jordani 19 M. vitripennis 20 M. longistylus sp.
nov., sub-basal setae of forewing; tergites I1-1ll (21-23) 21 M. vernicia sp. nov., tergite |l 22 M. jordani 23 M. claripennis;
tergites IX=X (24-25) 24 M. longistylus sp. nov. 25 M. vernicia sp. nov.

[Moraceae], 3.viii.1985, Weigiu Zhang (SCAU); 1217, Guangdong, Guangzhou,
Fanyu, from Ficus microcarpa [Moraceae], 17.v.2009, Jiagian Gao (SCAU); 92,
Yunnan, Simao, 9 females from Ficus [Moraceae], 4.viii.2010 (ANIC). Syntypes,
1218 of annamensis, VIETNAM, Vinh Tan, on Citrus sp. [Rutaceae], 7.iii.1925
(SMF). Lectotype, 19 of angusticollis, INDONESIA, Java, on Anonaceae sp.,
1.ix.1912 (SMF). Syntype, 12 of constrictus, INDONESIA, Java, Semarang, in leaf
galls of Ficus benjamina [Moraceae], 16.i.2012 (SMF). Holotype and paratype,
1213 of bianchii, AUSTRALIA, Queensland, Atherton, from Ficus leaves [Mora-
ceae], 31.iii.68 (ANIC); 5214, Cairns, from Ficus leaves [Moraceae], 12.xi.2007
(ANIC); 423, Noosa Heads, from Ficus leaves [Moraceae], 31.iii.1995 (ANIC);
122104, Brisbane, Mt Cootha, from Ficus benjamina [Moraceae], 13.v.1994
(ANIC). 39, TIMOR LESTE. Dili, from Ficus microcarpa leaves [Moraceae],
26.viii.2018 (ANIC). 1213, MALAYsIA, Kualar Lumpur, from Ficus benjamina leaf
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gall [Moraceae], 4.x.1973 (ANIC). 1917, the PHILIPPINES, Quezon, from Ficus
[Moraceae], 23.x.2011 (ANIC). 7934, THAILAND, Ang Thong, from Ficus leaf
folds [Moraceae], 9.vi.2018 (ANIC). 22, ISRAEL, Tel Aviv, from Ficus microcarpa
[Moraceae], i.2014 (ANIC).

Comments. This species was described from both sexes and larvae, and
the author reported it to be common on Ficus leaves at the Botanic Gardens
in Buitenzorg [= Bogor], Java. Priesner described M. annamensis from two
males and one female taken at a coastal locality in Vietnam, and two of these
specimens have been studied here. Karny described M. angusticollis from an
unspecified number of specimens on Annonaceae in Java, without further de-
tails. The M. angusticollis specimen listed above bears this data as quoted by
Priesner (1929a), and the slide is labelled ‘Lectotype’ but that designation ap-
parently was never formally published. Karny (1912) described M. constrictus
from both sexes taken in leaf galls on Ficus benjamina in northern Java and
syntypes have been studied as listed above. These three species have the dis-
tinctive fore wing pattern that is here considered to be typical of M. jordani. A
further slide labelled as Leptothrips constrictus with four specimens (in SMF)
has been studied that was collected at the same site as that species. Howev-
er, those four specimens have fully clear fore wings, are labelled as collected
from Schoutenia ovata, and are here considered to represent M. schouteniae.
As mentioned above, and judging from the description, M. apatelus from India
is possibly the same species as M. jordani. In descriptions by Ananthakrishnan
the lengths of the tergite IX setae and the pronotal epimeral setae are given
considerable importance for distinguishing species. The tergite IX setae S1 in
M. jordani are variable between samples, from slightly longer to slightly shorter
than the tube. Similarly, in a single sample of six M. longisetis specimens from
Java, these setae are usually distinctly longer than the tube but in one of two
males they are shorter. Among specimens here identified as M. jordani on Fi-
cus leaves from various sites, the pronotal posteroangular setae are commonly
slightly longer than the epimeral setae. However, in two specimens from Ficus
benjamina galls in Malaya they are only half as long as the epimerals. Arbitrary
use of differences in lengths of these setae to distinguish species, without con-
sideration of variation within and between populations, may be misleading.

Mesothrips longistylus sp. nov.
https://zoobank.org/1DB00123-0CA9-419D-84C7-D65FFB5B33A7
Figs 2,8,15-17, 20, 24

Material examined. Holotype, ¢, CHINA, Sichuan, Ganzi, on leaves of unknown
plant, 27.vii. 2013, Jianfeng Wang (SNUT); paratypes, 4237, with same data as
holotype (SNUT).

Description. Holotype. Female macroptera. Body brown; all femora and tib-
iae brown, all tarsi yellowish brown, slightly lighter than tibiae; antennal seg-
ments | and Il brown, Il clear yellow, IV-VI yellow but shaded on apical half,
VII-VIII brown (Fig. 8); major setae pale; fore wing pale.

Head. Head ~ 1.4 x as long as wide (Fig. 2), constricted at base; postocular
setae slightly blunt, shorter than eyes (Fig. 2); eyes equal in length ventrally
and dorsally; maxillary stylets parallel medially with transverse maxillary bridge,
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Figures 26—31. Mesothrips spp. Head, pronotum and foreleg (26—-27) 26 M. pyctes 27 M. vitripennis (type specimens
of elaeocarpi); tergites IX-X (28-29) 28 M. pyctes 29 M. vitripennis (type specimens of elaeocarpi); M. pyctes (30-31)
30 sub-basal setae of forewing 31 antennae.

elongate and at full retraction extending to postocular setae (Fig. 2); mouth
cone long, reaching to ferna. Antennal segments broad (Fig. 8), segment llI
~ 2.1 x as long as apical width; lll with three sense cones, IV with four major
sense cones, VIl broadly connected with VII.

Thorax. Pronotum with five pairs of well-developed setae, am, aa and ml
blunt at apex (Fig. 2), epim and pa longer and equal in length, slightly expanded
at apex; surface almost smooth, with weak sculpture near margins. All legs
slender, fore tarsal tooth tiny, visible only when tarsi rotated. Fore wing with
three sub-basal setae arising in straight line (Fig. 20), S1 and S2 equal in length,
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slightly expanded at apex, S3 longest, acute at apex, with 9-12 duplicated cil-
ia. Mesonotum transversely reticulate, lateral setae well-developed, blunt (Fig.
15). Metanotum longitudinally reticulate, major setae slender and acute (Fig.
15). Mesopresternum with paired lateral triangles, metathoracic sternopleural
sutures absent.

Abdomen. Pelta broadly triangular, weakly reticulate, with pair of CPS (Fig.
16); tergites [I-VII with two pairs of major wing retaining setae, one pair of ac-
cessory sigmoid setae located anterior to first pair (Fig. 17); tergite Il with eight
pairs of lateral setae; tergite IX setae S1 and S2 longer than tube, acute at apex
(Fig. 17), S3 approx. as long as tube, acute at apex; tube shorter than head, anal
setae approx. as long as tube.

Measurements (holotype female in um). Body length 2600. Head length (max-
imum width) 275 (195); distance between maxillary stylets (across bridge) 50;
postocular setae length 70; antennal segments I-VIII length (width): 45 (35), 55
(30), 75 (35), 75 (40), 70 (30), 65 (30), 60 (25), 35 (20); sense cone on |l length
15. Pronotum length (width) 170 (275); am 45, aa 35, ml ?, epim 90, pa 90. Fore
wing length 1140; sub-basal setae S1 60, S2 85, S3 120. Tergite IX setae S1
185,S2 190, S3 140; tube length 170, basal width 75, apical width 50; anal setae
length 170.

Male macroptera. Similar to female in colour and sculpture; postocular se-
tae slightly shorter than eyes, slightly blunt at apex; fore tarsal tooth scarcely
visible; abdominal tergite IX setae S2 small and pointed (Fig. 24); sternite VI
without pore plate.

Measurements (paratype male in um). Body length 2240. Head length (max-
imum width) 270 (200); postocular setae length 90. Pronotum length (width)
170 (270); am 53, aa 28, ml 75, epim 75, pa 85. Tergite IX setae S1 180, S2 20,
S3 180; tube length 165; anal setae length 175.

Etymology. The species epithet refers to the elongate and parallel maxillary
stylets.

Comments. The elongate and parallel maxillary stylets of this new species
are unique in Mesothrips, most of which species have the stylets wide apart
and arranged in a V-shape.

Mesothrips pyctes Karny
Figs 26, 28, 30, 31

Mesothrips pyctes Karny, 1916: 191.

Material examined. Syntypes, 191, INDONESIA, Java, on Ficus sp. [Moraceae],
1.iii.1914, Docters van Leeuwen (SMF).

Comments. This species was described from an unspecified number of
adults taken in Java, Indonesia, from leaf galls on a species of Eugenia [Myrt-
aceae]. No further studies were published on this species until Wang (2002)
listed it from Taiwan, presumably based only on the key to species by Anan-
thakrishnan (1976). Fortunately, one female and one male labelled as syntypes,
but labelled as taken from Ficus sp., were checked during studies in 2013 (Dang
et al. 2014). Mesothrips species usually have setae on tergite IX as long as or
longer than tube, but these syntypes have these setae shorter than the tube
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(Fig. 28), a condition that also occurs in M. claripennis. However, it seems that
they can be distinguished by the length of the anal setae (Fig. 28), as indicated
in the key.

Mesothrips vernicia sp. nov.
https://zoobank.org/4DEE6509-DB4E-4A71-8D2A-E233B77B6E4A
Figs 4,9,12, 21,25

Material examined. Holotype, ¢, CHINA, Sichuan, Guangyuan, on leaves of Ver-
nicia sp. [Euphorbiaceae], 07.viii.2018, Lihong Dang, Yang Hu and Danle Xie
(SNUT); paratypes, 2934, with same data as holotype (SNUT); ¢, Hubei, Luo-
tian, on leaves of unknown tree, 03.vii.2014, Lixin Su (SNUT).

Description. Holotype. Female macroptera. Body brown; all femora and tib-
iae brown, fore tarsi clear yellow, mid and hind tarsi brownish, slightly lighter
than tibiae; antennal segments | and Il brown, llI=VI uniformly yellow, VI yellow
on basal 2/3, and light brown on apical 1/3, VIII lightly brown (Fig. 9); major
setae pale; fore wing slightly greyish.

Head. Head ~ 1.5 x as long as wide (Fig. 4), constricted at base; postocular
setae blunt, ~ 1/2 length of eyes (Fig. 4); eyes longer ventrally than dorsal-
ly; maxillary stylets V-shaped, retracted to median of head; mouth cone long,
reaching to ferna. Antennae slender, segment Ill ~ 3.2 x as long as apical width;
[l with two sense cones, IV with four major sense cones, VIII broadly connected
with VII (Fig. 9).

Thorax. Pronotum with five pairs of blunt setae, am, aa and pa equal in length
(Fig. 4), epim and pa longer and equal in length; surface almost smooth, with
weak sculpture near margins. All legs slender, fore tarsal tooth absent (Fig.
12). Fore wing with three blunt sub-basal setae arising in straight line, S1 and
S2 equal in length, S3 longest, with seven duplicated cilia. Mesonotum trans-
versely reticulate, lateral setae well-developed, blunt. Metanotum longitudinally
reticulate, major setae slender and acute. Mesopresternum with paired lateral
triangles, metathoracic sternopleural sutures absent.

Abdomen. Pelta broadly triangular, weakly reticulate, with pair of CPS; terg-
ites [I-VII with two major pairs of wing retaining setae, one pair of accessory
sigmoid setae located anterior to first pair (Fig. 21); tergite Il with four pairs of
lateral setae; tergite IX setae S1 and S2 longer than tube, acute at apex, S3 ap-
prox. as long as tube, acute at apex; tube shorter than head, anal setae approx.
as long as tube.

Measurements (holotype female in um). Body length 2620. Head length
(maximum width) 260 (175); distance between maxillary stylets (across bridge)
120; eye length dorsally 90, ventrally 120; postocular setae length 45; antennal
segments I-VIIl length (width): 40 (30), 50 (35), 80 (25), 80 (30), 75 (30), 65
(20), 50 (20), 25 (15); sense cone on lll length 20. Pronotum length (width) 170
(240); am ?, aa 35, ml 25, epim 70, pa 55. Fore wing length 1000; sub-basal
setae S1 45, S2 50, S3 95. Tergite IX setae S1 195, S2 185, S3 150; tube length
150, basal width 75, apical width 45; anal setae length 170.

Male macroptera. Similar to female in colour and sculpture; antennal seg-
ment VIl largely brown; fore tarsal tooth absent; abdominal tergite IX setae S2
small and pointed (Fig. 25); sternite VIIl without pore plate.

ZooKeys 1196: 121-138 (2024), DOI: 10.3897/z0okeys.1196.118131 135



Lihong Dang et al.: Mesothrips from China

Measurements (paratype male in um). Body length 2100. Head length (max-
imum width) 240 (145); eye length dorsally 85, ventrally 85; postocular setae
length 45. Pronotum length (width) 135 (185); am 25, aa 30, ml 20, epim 45, pa
25. Tergite IX setae S1 180, S2 15, S3 180; tube length 145; anal setae length 175.

Etymology. The species epithet refers to the genus name of the host plant.

Comments. As indicated above, the relationships of this species remain far
from clear. It is similar in structure to the other two new species but differs sharply
from the other Mesothrips species in lacking a prominent fore tarsal tooth (Fig. 12),
and in the presence of only two sense cones on the third antennal segment (Fig. 9).

Mesothrips vitripennis Karny
Figs 6,11, 19, 27,29

Mesothrips vitripennis Karny, 1922: 149.
Mesothrips moundi Ananthakrishnan, 1976: 195. Syn. nov.
Mesothrips elaeocarpi Ananthakrishnan, 1976: 192. Syn. nov.

Material examined. 17, CHINA, Guangxi, Chongzuo, from tree leaves, 25.vii.2021,
Xia Wang (SNUT); paratype, 19 of moundi, Hongkong, Tai Ling, from leaves of
Bischofia trifoliata [Phyllanthaceae], 5.v.1966 (ANIC). 121, VIETNAM, Kha-Tin,
from leaf gall on Aporosa leptostachya [Phyllanthaceae], 20.xi.1920, Docters
v. Leeuwen-No. 86 (SMF). Paratype, 19 of elaeocarpi, INDONESIA, Java, Bogor,
from leaf gall of Elaeocarpus stipularis [Elaeocarpaceae], 28.v.1925 (SMF). 12,
INDIA, Courtallam, on Mallotus sp. [Euphorbiaceae], 26.vii. 1967, identified by
Ananthakrishnan (SMF).

Comments. The original description states that this species was collected
at Saigon from leaf galls on Aporosa on 19.x.1920, whereas the specimens
studied here were labelled by Karny from a slightly different locality, collected
10.xi.1920 from leaf galls on Aporosa leptostachya. From a plant in the same
family, Ananthakrishnan described M. moundi (Figs 6, 11) from 17 females and
3 males taken in Hong Kong, and a paratype female is listed below as studied
here. This specimen cannot be distinguished as a separate species from the
M. vitripennis specimens. The head of M. vitripennis is rather short, the tube
is short and approx. as long as the head width, tergite IX setae S1 are longer
than the tube and the fore wings are pale. The new synonymy of M. elaeocarpi
is based on the paratype female listed below, also one female from India iden-
tified by Ananthakrishnan.
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Abstract

Molossus pretiosus is a molossid bat that has been thought to exist in Honduras. While
some authors have suggested its range extends all the way to Mexico, others have
placed its northernmost distribution in Nicaragua. We present evidence, based on one
specimen collected in 2005, confirming the presence of this species in the Caribbean of
Honduras within the Islas de la Bahia department. This discovery increases the count
of known species within this family to 18 in the country and raises the total bat species
count for Honduras to 114. We recommend a detailed study of historical specimens to
confirm the identification of species that may have been misidentified as well as a thor-
ough examination of molossids distributed in northern Honduras.
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ZooBank: https://zoobank.org/ Currently, 113 bat species has been reported for Honduras (Turcios-Casco et
CT11A250-501C-44F9-AF85- al. 2020b; Mora et al. 2021), new records which include: Lasiurus cinereus (Pal-

ACZBOROCE12D isot de Beauvois, 1796), Lasiurus egregius (Peters, 1870), Neoeptesicus brasil-
Citation: Turcios-Casco MA, Cardoso iensis (Desmarest, 1819), Balantiopteryx io Thomas, 1904, Vampyriscus nym-
Claudio V, Lee Jr TE (2024) Back to phaeus (Thomas, 1909), Nyctinomops aurispinosus (Peale, 1848), N. macrotis
the future: A preserved specimen (Gray, 1840), Hylonycteris underwoodi Thomas, 1903, Chiroderma gorgasi Han-
validates the presence of Molossus dley, 1960, Diaemus youngii (Jentink 1893), Natalus lanatus Tejedor, 2005, Cy-

pretiosus (Molossidae, Chiroptera) nomops mexicanus (Jones and Genoways 1967) and Centronycteris centralis
in Honduras. ZooKeys 1196:

139-148. https://doi.org/10.3897/ Thomas, 1912 (Fsplnal and Mora 2012; Mora 2012; Divoll an.d Buck 2013; Mora
z0okeys.1196.116144 et al. 2014; Espinal et al. 2016, 2021; Mora et al. 2016; Turcios-Casco and Me-

dina-Fitoria 2019; Turcios-Casco et al. 20204, b). One of the major issues with
Copyright: © Manfredo A Turcios-Casco et al Honduran bat studies is that there are several historically-preserved specimens
This is an open access article distributed under that have not been verified yet. For example, museum specimens of Natalus la-
terms of the Creative Commons Attrbution natus and Cynomops mexicanus reported by Turcios-Casco et al. (2020b) were

License (Attribution 4.0 International -
CC BY 4.0). collected in 1963 and 1967, respectively. Collecting and recording efforts have
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increased in the past 15 years, raising the number of bat species to 113 (Tur-
cios-Casco et al. 2020b). Turcios-Casco et al. (2020b) and Mora et al. (2021),
expect additional species to occur based on their wide distributions in Central
America these include: Cormura brevirostris (Wagner, 1843), Lampronycter-
is brachyotis (Dobson, 1879), Trinycteris nicefori (Sanborn, 1949), Mesophylla
macconnelli (Thomas, 1901), Molossus coibensis J. A. Allen, 1904, Molossus
pretiosus Miller, 1902 and Thyroptera discifera (Lichtenstein & Peters, 1855).
Historical collections from Honduras in international museums remain poor-
ly assessed, and verification of the identification of many species (e.g., in the
genera Natalus, Molossus, Eumops and phyllostomines) not only of bats (e.g.,
rodents such as Peromyscus, shrews such as Cryptotis) remains unclarified.

One of the most contentious bat families in Central America is Molossidae,
because their overlapping external characters [see diagnoses in Loureiro et al.
(2018, 2019, 2020)] make field identification difficult, and also because most
of their echolocation calls have not been verified within their distribution (B.
Miller, pers. comm.). Therefore, taxonomic identification of Central American
molossids remains problematic and unresolved.

Among molossids, the Miller's Mastiff Bat, Molossus pretiosus, has been con-
sidered widely distributed (Loureiro et al. 2019), and even though some authors
consider it to be distributed far north as Mexico and southward to Brazil (e.g.,
Simmons 2005; Medina-Fitoria 2014; Claudio et al. 2018; Diaz et al. 2021), the
species was not included in Mexico by Ramirez-Pulido et al. (2014). Addition-
ally, historical specimens in the Global Information Biodiversity Facility (GBIF.
org 2023) database that have been identified as M. pretiosus were recorded
from Belize and Mexico. The majority of the specimens identified as M. pretio-
sus in northern Central America, especially from Mexico and Belize, must be
confirmed, as they could have been confused with other species of Molossus (B.
Miller, pers. comm.). This occurrence was supported by Diaz et al. (2021) who
included M. pretiosus in the bat checklist for Mexico and Costa Rica but not for
Belize. Burgin et al. (2020) also confirm the species in Mexico and Belize. In con-
trast, other authors considered Nicaragua as the northernmost country within
its range (e.g., Loureiro et al. 2019; Jennings et al. 2000; Simmons and Cirranello
2023). As described above, there is controversy over the distribution of M. pre-
tiosus in northern Mesoamerica. As part of an effort to further investigate mu-
seum specimens from Honduras, we present evidence that confirms the occur-
rence of M. pretiosus on the Caribbean Island of Roatan in northern Honduras.

Materials and methods

Preserved specimens and description of the locality

On 6 March 2005, one specimen of M. pretiosus (ACUNHC 1034) was found on
the beach shore of Fantasy Island Resort in Roatdan, within the Islas de la Bahia
department in northern Honduras. The skull and the skeleton were deposited
in the Abilene Christian University Natural History Collection (ACUNHC-Mam-
mal). Roatan is the largest island (40 km long and 8 km wide) within the Islas
de la Bahia department; it reaches approximately 300 m a.s.l. in elevation and
is mostly covered with tropical dry forests and mangroves along the shore; pri-
vate properties are very common all along the island (Goode et al. 2020).
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Morphological description

For the identification of the specimen, we mainly followed Claudio et al. (2018)
to compare Latin American samples, as well as Nogueira et al. (2008) and
Loureiro et al. (2018, 2019, 2020) for taking the following measurements: fore-
arm length (FA), greatest length of skull including incisors (GLS), condylobasal
length (CBL), condylocanine length (CCL), postorbital breadth (PB), zygomatic
breadth (ZB), braincase breadth (BB), mastoid breadth (MB), maxillary toothrow
length (MTL), breadth across molars (BM) and breadth across canines (BC).
Calipers accurate to the nearest 0.01 mm were used to take the measurements.
Additional publications were consulted to help us describe the qualitative and
quantitative characteristics of ACUNHC 1034: DeBlase and Martin (1981),
Dolan (1989), Gregorin and Taddei (2000), Jennings et al. (2000), Loureiro et al.
(2018, 2019, 2020) and Diaz et al. (2021).

Distribution

Data from the Global Biodiversity Information Facility (GBIF.org; accessed in
September 2023) of all preserved M. pretiosus specimens was downloaded
and analyzed to define the distribution of the species. These records includ-
ed both verified specimens (Gregorin and Taddei 2000; Eger 2008; Claudio et
al. 2018; Loureiro et al. 2019, 2020) and specimens recorded in the GBIF that
need to be further verified (Fig. 1). Additionally, the range of the species was
contrasted with the data presented by the IUCN, International Union for Conser-
vation of Nature (Solari 2019).

Results

Molossus pretiosus Miller, 1902

Material examined. HONDURAS + 1 Q; Roatan, Fantasy Island Resort, Islas de |a
Bahia department; 16°21'30"N, 86°26'9"W; 4 m a.s.l.; 6 March 2005; Thomas
Lee leg; dead specimen found on the ground; ACUNHC 1034.

Description. Given that the skin (ACUNHC 1034) was desiccated when dis-
covered, no description is available for the fur. As a result, the identification
of the specimen primarily relies on characteristics of the skull (Table 1). The
rostrum is short and quadrangular in shape. There is no projection over the
nasal cavity by the nasal process of the premaxilla; therefore, the nasal pro-
cess is undeveloped. The skull presented a squarish occipital complex (Fig. 2A)
because of the significant size and angling of the lambdoidal crests. The skull
exhibits distinct features, including a well-developed bulging braincase and
sagittal crest (Fig. 2B), as well as a deep basioccipital pit with a ridge. There is
a noticeable crest between the basisphenoid and basioccipital pits. Infraorbital
foramen opened laterally, when viewing from the front. Additionally, the M3 mo-
lars display cup-like structures with a V-shaped pattern (Fig. 2C). The elongated
upper incisors extend beyond the canines and the tips and are not in contact.
The forearm measurement in the dried skin of the ACUNHC 1034 specimen is
recorded as 45.08 mm. This measurement matches the range observed in Cen-
tral American specimens (44.3-45.9 mm) (Jennings et al. 2000).
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Figure 1. Distribution map of Molossus pretiosus. We considered the records mentioned by Claudio et al. (2018) as ver-
ified, and we included in the distribution other records based on the GBIF.org (2023) database. In addition, we overlap
these records with the expected distribution of the species based on the IUCN (Solari 2019).

Table 1. Comparison of cranial measurements (see Material and methods for abbreviations) and forearm length (FA) of
Molossus pretiosus specimens along its distribution in Latin America. Specimens and locations as follow: 1. Claudio et

al. (2018), 2. Nogueira et al. (2008), 3. Gregorin and Taddei (2000) and 4. Dolan (1989).

Measurements A((i:gifuzg?4 Bahia, Brazil’ Min;:a(iﬁ:ais, MaStEI’G;:::;ado Costa Rica* Nicaragua*
FA 45.0 46.3 43.6-47.2 42.6-45.5 43.4-46.0 41.6-45.9
GLS 18.3 19.8 19.1-20.4 19.2-19.6 19.7-20.9 18.8-20.8
CBL 17.4 18.2 17.5-18.5 - 17.5-18.1 16.4-18.6
CCL 171 18.1 - - - -

PB 3.8 4.0 4.1-4.6 - - -

BB 9.0 10.0 9.8-10.5 9.7-9.9 9.6-10.6 9.7-10.6
ZB 10.9 12.3 - - - -

MB 10.4 10.8 11.9-13.5 - - -
MTL 7.2 7.0 7.0-7.5 7.2-7.3 6.8-7.1 6.3-7.4
BM 8.1 8.8 8.5-9.7 8.8-9.2 8.3-9.0 8.5-9.3
BC 4.5 4.8 5.0-5.6 5.0-5.3 4.8-5.5

Comparisons. In comparison to the other species of Molossus that occur
in Honduras, Molossus nigricans Miller, 1902 is larger than M. pretiosus, the
FA of the former varies from 47.2-54.5 mm in females and GLS from 20.1-
22.6 mm in females (Loureiro et al. 2019). Molossus alvarezi (Gonzélez-Ruiz,
Ramirez-Pulido & Arroyo-Cabrales, 2011) is medium-sized and may overlap in
some measurements, but it does not have a well-developed sagittal crest; it
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Figure 2. Skull (A, B) and mandible (C) of Molossus pretiosus (ACUNHC 1034) from Roatan Island. A ventral view (squar-
ish occipital complex) B dorsal view (note the well-developed bulging braincase and sagittal crest C dorsal view of the
upper mandible (M3 molars with a V-shaped pattern). Credits of the photos are to Nil Santana (ACUNHC 1034).
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has pincer-like upper incisors converging at the tips, and the occipital region
is triangular (Gonzalez-Ruiz et al. 2011; Diaz et al. 2021). Molossus molossus
(Pallas, 1766) is usually smaller with FA ranging from 36.4-42.6 mm in females
and GLS from 15.6—18.6 mm in females (Loureiro et al. 2018). In addition to the
other two species that occur in Honduras, Molossus bondae J. A. Allen, 1904
and Molossus aztecus Saussure, 1860 have upper incisors as pincer-like with
convergent tips, but those of M. pretiosus are larger than those of M. bondae
(FA <43 mm) (Loureiro et al. 2019; Jennings et al. 2000), and M. aztecus dif-
fers in having its basisphenoid pits with a moderate depth (Diaz et al. 2021),
and is currently only known from western Honduras (McCarthy et al. 1993; Tur-
cios-Casco et al. 2021).

Discussion

In addition to M. alvarezi, M. aztecus, M. bondae, M. molossus and M. nigricans,
we present the record of a sixth Molossus species to Honduras, M. pretiosus.
This brings the total number of molossids known to occur in Honduras to 18 [Cy-
nomops greenhalli Goodwin, 1958; C. mexicanus; Eumops auripendulus (Shaw,
1800); Eumops ferox (Gundlach, 1961); Eumops hansae Sanborn, 1932; Eumops
nanus (Miller, 1900); Eumops underwoodi (Goodwin, 1940); N. aurispinosus;
Nyctinomops laticaudatus (E. Geoffroy, 1805); N. macrotis; Promops centralis
Thomas, 1915; and Tadarida brasiliensis (I. Geoffroy, 1824)]; and increases the
current list of bat species for Honduras to 114 (see Turcios-Casco et al. 2020b).
There are still poorly known molossids in the country; T. brasiliensis, one of
the most common and widespread species of molossid (Kunz et al. 1995), is
known from two official records, one in western Honduras in Ocotepeque and
another in the central region of the country in Francisco Morazan (McCarthy et
al. 1993; Turcios-Casco et al. 2021). In addition, M. aztecus is only known from
historical records from La Paz in western Honduras, supported by the revision
of McCarthy et al. (1993) of museum specimens misidentified as M. bondae by
Goodwin (1942).

Molossidae is still an understudied mammalian group in Honduras. One of
the major issues of studying the group in the country is that many of them lack
a robust and verified database of their echolocation calls, besides the limited
sampling that has been done on bat acoustics since 1999 in Honduras (B. Miller
pers. comm.). Reasons for this lack of information also include the small num-
ber of researchers interested in the family in Honduras, acoustic research being
arecent addition to bat monitoring, and the relatively new use of canopy nets (B.
Miller. pers. comm.). The natural history and ecological behaviour of molossids,
which typically forage above mist nets, also present challenges to their study
(Simmons 2005; Claudio et al. 2018; Diaz et al. 2021). The under-utilization and
lack of revision of historical mammalian specimens from Honduras present sig-
nificant obstacles to accurately describing the biogeography of these animals.
Misidentifications resulting from outdated taxonomy can impede efforts to elu-
cidate the historical ranges of species, hindering our understanding of past eco-
systems and potentially influencing modern conservation strategies.

The record of M. pretiosus presented herein for Honduras fills the gap in the
northern portion of its distribution (Fig. 1) and indicates that it may be present
in other regions of northern Mesoamerica. Since there is still some uncertainty
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about the northern limits of the distribution of the species, we strongly recom-
mend revisiting museum specimens of M. pretiosus in northern Mesoamerica
(e.g., Mexico and Belize) and verifying calls of molossids in Central America to
identify other characteristics (e.g., bioacoustics) for molossid species identi-
fication as well as analysing molecular data whenever possible. Additionally,
special attention must be given to the population in the Caribbean islands of
Honduras because molossids in this region could probably be misidentified due
to the overlap of external characters. To avoid the misidentification of speci-
mens, we recommend the use of a larger set of morphological traits during field
identification, such as forearm length, shape and length of upper indictors, fur
colour and pattern of banding (see Loureiro et al. 2018, 2019, 2020; Diaz et al.
2021). Also, the collection and deposition of voucher specimens in scientific
collections are encouraged in order to verify and confirm field identifications.
Finally, the proper preparation of museum specimens such as skull, skeletons,
skins, and tissues for further molecular studies is fundamental, especially for
problematic groups like Molossidae.
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Abstract

The genus Rhinella (Bufonidae) comprises 92 species of Neotropical toads. In Colombia,
Rhinella is represented by 22 recognized species, of which nine belong to the Rhinella
festae group. Over the past decade, there has been increasing evidence of cryptic diver-
sity within this group, particularly in the context of Andean forms. Specimens of Rhinella
collected in high Andean forests on both slopes of the Central Cordillera in Colombia be-
long to an undescribed species, Rhinella kumanday sp. nov. Genetic analyses using the
mitochondrial 16S rRNA gene indicated that the individuals belong to the festae species
group. However, they can be distinguished from other closely related species such as
Rhinella paraguas and Rhinella tenrec by a combination of morphological traits including
the presence of tarsal fold, a moderate body size, and substantial genetic divergence in
the 16S rRNA gene (> 5%). Through this integrative approach, the specimens from the
Central Cordillera of Colombia are considered an evolutionary divergent lineage that is
sister to R. paraguas, and described as a new species. Rhinella kumanday sp. nov. is re-
stricted to the Central Cordillera of Colombia inhabiting both slopes in the departments
of Caldas and Tolima, in an elevational range between 2420 and 3758 m. With the rec-
ognition of this new species, the genus Rhinella now comprises 93 species with 23 of
them found in Colombia, and ten species endemic to the country.

Key words: Andes, Central Cordillera, distribution, diversity, endemism, systematics

Introduction

Rhinella Fitzinger, 1826 (Bufonidae) comprises 92 species of toads distributed
mainly in the Neotropical region (Pereyra et al. 2021; Frost 2023). Over the past
decades, several studies have delved into the taxonomic and phylogenetic com-
plexity of the genus, resulting in the description of new species (Pramuk 2006;
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Moravec et al. 2014; Castillo-Urbina et al. 2021; Lehr et al. 2021), and the sys-
tematics examination of specific species groups (Graybeal 1997; Maciel et al.
2006; Pramuk 2006; Chaparro et al. 2007; Fouquet et al. 2007; Narvaes and Ro-
drigues 2009; Pyron and Wiens 2011; Moravec et al. 2014; Pereyra et al. 2016;
2021; Rivera et al. 2021). In a more recent and comprehensive study of the sys-
tematics of Rhinella, Pereyra et al. (2021) defined eight distinct species groups
based on a combination of osteological, muscular, external morphology, and
molecular data: R. arunco, R. crucifer, R. festae, R. granulosa, R. margaritifera,
R. marina, R. spinulosa, and R. veraguensis.

The festae group was first proposed based on genetic data by Moravec et al.
(2014) and initially consisted of seven species. This group incorporated three
species from the acrolopha group (including taxa previously considered within
the genus Ramphophryne Trueb, 1971): R. festae (Peracca, 1904), R. macrorhi-
na (Trueb, 1971), and R. rostrata (Noble, 1920). Additionally, the festae group
included four species from the paraphyletic R. veraguensis group: R. manu
Chaparro, Pramuk & Gluesenkamp, 2007, R. nesiotes Duellman & Toft, 1979,
R. chavin Lehr, Kohler, Aguilar & Ponce, 2001, and R. yanachaga Lehr, Pramuk,
Hedges & Cdérdova, 2007. More recently, Pereyra et al. (2021) redefined the fes-
tae group, which now comprises 20 species, including two yet-to-be described
species from Colombia and Peru. The undescribed species from Colombia was
identified based on a single specimen collected at the Central Cordillera in the
Andean region of the Department of Tolima (Pereyra et al. 2021).

Pereyra et al. (2021) expanded the festae group by reclassifying ten species
that were previously part of the acrolopha group from Colombia, Ecuador, Pan-
ama, and Peru. Furthermore, Pereyra et al. (2021) resolved the paraphyly of the
veraguensis group by reassigning eight species from Bolivia and Peru in the
festae group. As a result of these changes, together with the addition of recent-
ly described species have brought the festae group to a total of 22 species (two
remaining undescribed) including: i) R. acrolopha (Trueb, 1971), ii) R. arbores-
candens (Duellman & Schulte, 1992), iii) R. chavin, iv) R. chullachaki Castillo-Ur-
bina, Glaw, Aguilar-Puntriano, Vences & Kohler, 2021, v) R. lilyrodriguezae Cusi,
Moravec, Lehr & Gvozdik, 2017, vi) R. festae, vii) R. lindae (Rivero & Castafio,
1990), viii) R. macrorhina, ix) R. manu, x) R. moralesi Lehr, Cusi, Rodriguez, Ven-
egas, Garcia-Ayachi & Catenazzi, 2021, xi) R. multiverrucosa (Lehr, Pramuk &
Lundberg, 2005), xii) R. nesiotes, xiii) R. nicefori (Cochran & Goin, 1970), xiv)
R. paraguas Grant & Bolivar-G., 2014, xv) R. rostrata, xvi) R. ruizi (Grant, 2000),
xvii) R. tacana (Padial, Reichle, McDiarmid & De La Riva, 2006), xviii) R. tenrec
(Lynch & Renjifo, 1990), xix) R. truebae (Lynch & Renjifo, 1990), xxi) R. yana-
chaga, and the two undescribed species, one each from Peru and Colombia in
Pereyra et al. (2021).

In Colombia, Rhinella is represented by 22 recognized species, nine of which
belong to the festae group (Pereyra et al. 2021). Most of these species are
primarily found in restricted montane regions, in elevations ranging from mod-
erate to highland altitudes (1400-3100 m a.s.l) in the Andes. The exception
to this pattern is R. acrolopha which is distributed in the Biogeographic Choco
Region (Trueb 1971; Lynch and Renjifo 1990; Grant and Bolivar-G 2014; Perey-
ra et al. 2021). Among the festae group, one of the two undescribed species
occurs in the Central Cordillera of Colombia, along the road between the cit-
ies of Manizales in the Department of Caldas (Rojas-Morales et al. 2014), and
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Murillo, Department of Tolima (Machado et al. 2016; Pereyra et al. 2021). In the
last two decades, individuals tentatively assigned to this undescribed species
have been recorded in the highlands of the municipality of Villamaria, Caldas,
in close proximity to the previously reported localities (see Rojas-Morales et al.
2014; Rojas-Morales and Marin-Martinez 2019). After conducting a meticulous
revision of the specimens from the Central Cordillera of the Department of Cal-
das using morphological and genetic analyses, we found that they possess dis-
tinct morphological and genetic characteristics that warrant their classification
as a new species. This new species is exclusively found in Andean ecosystems
that are highly threatened. Recognizing the taxonomic status of these popula-
tions is crucial for effective conservation planning. Therefore, in this study, we
formally describe the specimens from the Central Andes in the departments of
Caldas and Tolima, previously categorized within the festae group, based on
genetic analyses and discrete external and osteological traits.

Materials and methods

To morphologically diagnose the new species, we reviewed specimens of
Rhinella from the Central Cordillera of Colombia, deposited in the Coleccion de
Anfibios of the Museo de Historia Natural of the Universidad de Caldas (MHN-
UCa-Am), and a collection of new specimens, which were euthanized with 5% li-
docaine, fixed in 10% formalin and stored in 70% ethanol. The diagnosis follows
the proposal by Trueb (1971) and Grant and Bolivar-G. (2014); the osteological
description was carried out based on two double stained and cleared speci-
mens (MHN-UCa-Am 1492, 1802). For this procedure, we followed the proto-
col proposed by Taylor and Van-Dyke (1985) and the modifications made by
Fernandez-Blanco and Witmer (2020); osteological terminology and characters
were taken from Pramuk (2006) corrected by Pereyra et al. (2021), as well as
those reported by Deforel et al. (2021). We also used the species description
of Vélez-R and Ruiz-C (2002), Grant and Bolivar-G. (2014) and Castillo-Urbina
et al. (2021) for comparison. We described the webbing formulae following to
Savage and Heyer (1967) and the modifications by Myers and Duellman (1982)
and Savage and Heyer (1997). Fingers were counted from pre-axial to post-ax-
ial side as -1V in hand and |-V in foot; the comparative length of fingers | and
Il was taken by adpressing to each other, and adpressing toes Ill and V to toe
IV (Castillo-Urbina et al. 2021). We took external measurements using a digital
caliper (x 0.01 mm) following Castillo-Urbina et al. (2021) and included: Snout-
vent length (SVL); Head width (HW); Head length (HL); horizontal eye diameter
(ED); interorbital distance (10D); upper eyelid width (EW); upper eyelid length
(EL); internarial distance (IND); Eye-nostril distance (E-N); Nostril-snout dis-
tance (NSD); snout length (SL); forearm length (FL); hand length (HNDL); femur
length (FEML); tibia length (TL); foot length (FOOTL) and, parotoid length (PL).

To compare genetic affinities of the Rhinella from the Central Cordillera in the
Department of Caldas, we extracted genomic DNA from two specimens from
tissues preserved in 96% ethanol. DNA was extracted with a Wizard® Genomic
DNA Purification kit (Promega Corporation) following the manufacturer’s pro-
tocol, with modifications in the incubation time (24 h). We performed amplifica-
tion of the mitochondrial 16S gene using primers 16S Ar-L 5’~-CGCCTGTTTAT-
CAAAAACAT-3' 16S Br-H 5-CCGGTCTGAACTCAGATCACGT-3’ which amplify
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a fragment of =520 bp (Palumbi et al. 1991). The PCR products were sent to
Macrogen Inc. (South Korea) for purification and sequencing. The sequences
were analyzed in Geneious Prime® v. 2023.1.2 software.

A phylogenetic analysis was performed following the updated taxonomy by
Pereyra et al. (2021), including the species of the R. festae group, except for spe-
cies R. moralesi and R. truebae that lack sequences in GenBank. In total, 185
DNA sequences previously reported in GenBank were used for the analysis, with
Anaxyrus americanus (Holbrook, 1836), A. woodhousii (Girard, 1854), and A. quer-
cicus (Holbrook, 1840) used as the outgroup (Suppl. material 1). Sequence align-
ment was performed in MAFFT v. 7 (Katoh and Standley 2013), ambiguously
aligned fragments were removed using Gblocks (Talavera and Castresana 2007)
included in PhyloSuite (Zhang et al. 2020). The best fit evolutionary model was
selected across ModelFinder (Kalyaanamoorthy et al. 2017) using AIC criterion:
TIM2+F+I+G4. Phylogenetic inferences were constructed using Maximum Likeli-
hood (ML) in IQ-TREE v 2.2.0 (Nguyen et al. 2015) with 1000 ultrafast-bootstrap
(UFB) (Minh et al. 2013), as well as the Shimodaira—Hasegawa-like approximate
likelihood-ratio test (Guindon et al. 2010). We used FigTree v. 1.4.3 to visualize
the phylogenetic tree (Rambaut 2007). Genetic distances were estimated using
the p-distance method with the MEGA v. 11 program.

Results

We reviewed nine specimens of the R. festae group deposited in the collec-
tions of the MHN-UCa-Am (including one specimen preserved as skeleton).
The specimens exhibited morphological characteristics commonly associated
with the R. festae group including the absence of the annulus tympanicus and
tympanic membrane, a slightly exostosed skull; webbed fingers; a poorly devel-
oped preorbital crest, and a weak supratympanic crest. In addition to these typ-
ical traits, we also identified a set of unique morphological traits that set them
apart from other Rhinella species distributed in the Central Cordillera and neigh-
boring areas (i.e., R. acrolopha, R. festae, R. lindae, R. macrorhina, R. nicefori,
R. paraguas, R. rostrata, R. truebae, and R. tenrec). The distinct traits included
the presence of a tarsal fold, the extent of skull ornamentation, and the number
of vertebrae (seven).

For the genetic comparisons, we generated two new mitochondrial 76S rDNA
sequences [accession numbers: OR680126; OR680127] from two specimens
(MHN-UCa-Am 1164 and 1462). Both sequences exhibit a 100% similarity with a
single sequence [KT221613] identified as Rhinella. sp. “gr. acrolopha” (Pereira et
al. 2021: 112) or “Rhinella sp. 4" originating from a specimen collected at in Mu-
rillo, km 22 road Murillo-Manizales, Department of Tolima. The collection or mu-
seum in which the specimen from which the sequence KT221613 was obtained
is deposited is unknown. The interspecific genetic distances (Table 1) between
the specimens of Rhinella from the Central Cordillera and other species within
the R. festae group (except for R. moralesi and R. truebae) ranged from 3.6% to
10.1% for the 76S gene (Table 1) and are within the ranges known for different
species of the group. The phylogenetic relationships based on Maximum Likeli-
hood (ML) recovered our sequences together with the one from the Department
of Tolima with a support of 99.5/100% (Fig. 1, Table 1) within the species of
R. festae group. Finally, the R. festae group clade is also supported by 100/100.
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Rhinella kumanday sp. nov. MHN-UCa-Am 1164 [OR680126]

L‘ Rhinella sp. 4 [KT221613]

Rhinella kumanday sp. nov. MHN-UCa-Am 1492 [OR680127]

v | Rhinella cf nicefori [MW003543]
%y Rhinella ruizi [MW003567)

. Rhinella ruizi [MW003568]

wano Rhinella paraguas [MW003552)
I— Rhinella paraguas [MW003553]

aavo ) E Rhinella acrolopha [MWO0D3440]
Rhinelia acrolopha [MW003441]

wsm | Rhinella macrorhina [MW003517]
0 Rhinelta macrorhina [MW003518)
v Rhinella macrorhina [MW003518]
— Rhinella macrorhina [MWO003520]

e pa bl

e o

e i Rhinella tenrec [MWO003593]
Rhinella tenrec [MW003594)
Rhinella lindae [MWO003514]

Rhinella lindae [MW003515]
Rhinella lindae [MW003516)

— b Rhinelle arborescandens [MW003449]
Py _E Rhinells arborescandens [MWO003450)
Rhinella arborescandens [MW003451)

Rhinella rostrata [AF375533]
14 Rhinelta festae [DQ158423]
Rhinells festae [KR012624)

mam Rhinelia manu [MW003522]

i Rhinelia manu [MWO003523]
E Rhineila sp. 3 [MW003524)
Rhinelta sp. 3 [MW003525)

Rhinella nesiotes [MW003541]
Rhinella nesiotes [MWO003542]
Rhinella tacana [MW003589)
Rhinella tacana [MW003590]
Rhinella tacana [MW003592]

i

Rhinella chullachaki [MWA493261]

was ) Rhinella lityrodriguezas [MW003509]

Rhinella lilyrodriguezae [MWO003510]
Rhinelia lilyrodriguezae [MW003511)
Rhinella chavin [DQ158441]

Rhinalia cf multiverrucosa [MWO03540]
Rhinella yanachaga [MWD03603]

Rhinella yanachaga [MW003604]

[T

R. festae Group

I_l_— Anaxyrus americanus [F1882827]
Anaxyrus woodhousii [DQ158498]
L Anaxyrus quercicus [AY880235]

Figure 1. Phylogenetic tree of the partial sequences of the 16S gene of the species of Rhinella. The accessions in the
present study (in bold), and of the sequences in GenBank (accession numbers in bracket), using maximum likelihood
(ML) method under the TIM2+F+I+G4 model. Numbers at nodes are selbranch support analyses; from left to right: ul-
trafast bootstrap values, and Shimodaira—Haseglike approximate likelihood ratio test (SH-like aLRT). Three species of
Anaxyrus sequences were used as outgroups.

Based on our analyses, we concluded that the specimens from the Central
Cordillera of Colombia in the departments of Caldas and Tolima do not repre-
sent any of the described Rhinella species. Therefore, we assert that they be-
long to a new, undescribed species that we thoroughly document and describe
in this study as Rhinella kumanday sp. nov.

Systematics

Family Bufonidae Gray, 1825
Genus Rhinella Fitzinger, 1826

Rhinella kumanday sp. nov.
https://zoobank.org/3392CAEB-0277-419E-ADAE-FO3B1B1D697A
Figs 2-6

Suggested English name: Kumanday Beaked Toad
Suggested Spanish name: Sapo picudo del Kumanday

Rhinella sp.: Rojas-Morales et al. 2014: 87, 89.

ZooKeys 1196: 149-175 (2024), DOI: 10.3897/z0okeys.1196.114861

154



Luis Santiago Caicedo-Martinez et al.: A new species of the Rhinella festae group

Rhinella sp. C.: Machado et al. 2016: 687, 688, 689, 690, 692, table 1.

Rhinella sp. C: Cusi et al. 2017: 26, 42, 43.

Rhinella sp. Gdmez-Salazar et al. 2017: 78, table 1.

Rhinella sp. C (= Rhinella sp. acrolopha group sensu Grant and Bolivar-G. 2014):
Cusi et al. 2017: 27, table 1.

Rhinella sp.: Rojas-Morales and Marin-Martinez 2019: 13266, 13269, 13270,
13271, 13274, image 4B, fig. 4, appendix 1

Rhinella sp. 4: Pereyra et al. 2021: 40, 63, 65, 112, 131, fig. 13, table 10, appendix
1, appendix suppl. data 2, suppl. data 3.5, suppl. data 4.5, map 7.

Rlhinella]. sp. “gr. acrolopha”: Pereyra et al. 2021: 112, 131, appendix 1, appen-
dix 2.

Rlhinella]. sp. ‘C": Castillo-Urbina et al. 2021: 182, 184, fig. 1.

Type material examined. Holotype. MHN-UCa-Am 1164 (adult female, Fig. 2),
from Torre 4, Reserva Forestal Protectora Bosques de la CHEC, municipality
of Manizales, Department of Caldas, Colombia (5.0266, -75.39299), 2730 m
collected by Jose J. Henao-Osorio (JJHO) on 24 October 2019. Paratypes
(n = 6): 3 females, 2 males, 1 indeterminate sex (Figs 3, 4). Two adult males
(MHN-UCa-Am 196, 199) and one adult female (MHN-UCa-Am 198), from
Reserva Forestal Protectora Bosques de la CHEC, municipality of Villamaria,
Department of Caldas, Colombia (4.99833, -75.39194; 2954 m) collected by
Oscar Lopez-Castrillon (OLC-005), Luisa F. Galvis (LFG-009) and Juan M. Pérez
(JMP-010) respectively, on 12 October 2012. An adult female (MHN-UCa-Am
1698) from El Cedral, Reserva Forestal Protectora Bosques de la CHEC, mu-
nicipality of Villamaria, Department of Caldas (5.027671, -75.414618, 2695 m)
collected by Héctor F. Arias-Monsalve on 5 March 2023. one female (MHN-
UCa-Am 1718) from Reserva Ecolégica Rio Blanco, municipality of Manizales,
Department of Caldas (5.074302, -75.43353, 2705 m,) collected by L. Santiago
Caicedo-Martinez (SCM-139) on 25 May 2023. An individual with unknown sex
(MHN-UCa-Am 1492, stained skeleton) from the Reserva Forestal Protectora
Bosques de la CHEC in Gallinazo, municipality of Villamaria, Department of Cal-
das (4.99833,-75.39194, 2954 m) collected by Héctor F. Arias-Monsalve (HFA-
364) on 23 February 2022.

Other specimens examined. Three females, the first (MHN-UCa-Am 421)
from Vereda Montafio municipality of Villamaria, Department of Caldas
(4.99213, -75.45565, 2433 m) collected by Gustavo Gonzales-Duran (GGD-
055) on 18 May 2009; the second (MHN-UCa-Am 1717) from Reserva Ecoldgi-
ca Rio Blanco, municipality of Manizales, Department of Caldas (5.074720,
-75.434795, 2667 m) by SCM (138) on 25 May 2023; and the third (MHN-UCa-
Am 1802) collected at the Reserva Ecoldgica Rio Blanco.

Diagnosis. A moderate-sized species of the Rhinella festae group sensu Pe-
reyra et al. (2021), and which can be distinguished from other members of the
genus by the following combination of characters: males SVL 36.4-37.8 mm
(X =37.1; n = 2); females SVL 32.5-40.1 mm (X = 37.1; n = 5). (1) seven pre-
sacral vertebrae; (2) sacral vertebrae no fused with the coccyx, but fused with
the urostyle; (3) sagittal ridge present; (4) snout long, protuberant and directed
anteroventrally; (5) canthal crest present but weak; (6) preorbital crest pres-
ent; (7) supraorbital present; (8) postorbital crest weak; (9) pretympanic crests
weak; (10) supratympanic crest distinct; (11) parietal crest present; (12) dorsal
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A

10 mm

Figure 2. Holotype of Rhinella kumanday sp. nov. (MHN-UCa-Am 1164, adult female), SVL 39.4 mm, in preservative
A dorsal view B ventral view C lateral view.

surface with scattered tubercles, small and round with some conical ones; (13)
parotoid glands well developed and ovoid; (14) lateral row of tubercle variable
from scattered conical tubercle from the posterior side of the parotoid gland
until 2/3 of the lateral space to the groin, to a complete fold of conical tubercles
from the posterior part of the parotoid glands to the groin; (15) skin on dorsal
surface of limbs with many warts and conical tubercles; (16) finger | smaller
than Il; (17) fingers and toes moderate webbed, digits long; (18) subarticular
tubercles diffuse, barely evident in some individuals (19) many supernumer-
ary tubercles, small, round and low; (20) modal webbing in hand: | 1-2 11 1-2
1-2-21V; in foot: 1 0-0 11 0-2 11 1-3 IV 3=1 V; (21) males without vocal slits;
(22) nuptial pads absent in males; (23) testes small and black; (24) coloration
in life: dorsum light brown, in some cases with few dark spots and/or cream
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—

Figure 3. Female (MHN-UCa-Am 1698; paratype) of Rhinella kumanday sp. nov. in life (SVL 35.01 mm).

middorsal line; flanks dark yellow with many grey and dark mottling; venter
creamy yellow with variable size marks dark brown; iris golden with irregular
dark brown marks.

Description of the Holotype (Figs 2, 4). Adult female (SVL = 39.43 mm;
Fig. 2), body robust; head triangular in dorsal view, protruding and sharp in lat-
eral view; head wider than long (HW 1.5 times HL) narrower than body; HW and
HL 34.1% and 22.8% of SVL, respectively. Snout acuminate, triangular in the tip;
SL 59.9% of the HL; the distance from the nostril to the tip of the snout is equal
to the distance from the anterior margin of the eye to the nostril (2.6 mm); snout
protruding and sharp; upper jaw directed beyond the lower. Snout protruding
with a sagittal ridge between the upper lip and the point of the snout. Canthus
rostralis elevated forming a weak canthal crest, concave in dorsal view; lore-
al region concave; nostril round, small and protuberant, no visible from dorsal
view; eye diameter more than half of the interorbital distance (ED/IOD = 0.53);
ED longer than the distance between eye and nostril (ED/E-N = 1.25). Canthal
crest present but weak; preorbital crest non evident but present; supraorbit-
al crest present; postorbital crest weak; supratympanic crest present, distinct,
expanded laterally; pretympanic crest present. Tympanic annulus and tympan-
ic membrane absent. Parotoid glands subtriangular, large, almost two times
ED (PL/ED = 1.88). Skin of the eyelid with abundant small warts of different
shapes and sizes, eyelid edge above the eye forming a thick fold. Forearm slen-
der, 25.4% of SVL; forearm skin bearing abundant subconical warts and smaller
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Figure 4. Head, hand, and foot of the holotype of Rhinella kumanday sp. nov. (MHN-UCa-Am 1164) A dorsal view of head
B lateral view of head C ventral view of right hand D ventral view of right foot E tarsal fold on the left foot.
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conical tubercles along the entire surface. Hands long, slender, hand length
25.1% of SVL; hands densely covered by minute tubercles in the entire dorsal
surface; fingers slender and long; relative length of fingers I<lI<IV<Ill; finger tips
round; basal webbing between fingers present, webbing formula: 1 1-2 11 2-3 I
-3-2IV; fingers with lateral fringes; palmar and thenar tubercles distinct, small
and ovoid; thenar less than a half of palmar tubercle; palmar surface of the
hand with multiple accessory tubercles like warts and minute tubercles barely
visible; supernumerary and subarticular tubercles diffuses. Hindlimbs shorts,
robust; femur length and tibia length 33.7% and 34.6% of SVL, respectively;
entire surface of the hindlimbs covered with abundant warts and conical and
subconical tubercles of different sizes foot long, 33.2% of SVL; toes long and
slender; relative length of toes I<lI<ll<V<IV; toes tip round; toes with extensive
webbing between toe | and Il, moderate in toes Ill, IV and V, webbing formula: |
0-0110*-2 111-3 1V 3=1*V; fingers bearing lateral fringes; tarsal fold present,
formed from the postaxial lateral fringe of toe V, in the portion proximal to the
heel the tarsal fold is replaced by tubercles; outer metatarsal tubercle barely
visible, round, ~ 3x smaller than the round inner metatarsal tubercle; plantar
surface with flat warts indistinct, accessory tubercles small, indistinct; super-
numerary tubercles indistinct; subarticular tubercles diffuses, round.

Dorsum with scattered subconical, round warts with hard tips and densely
covered with minute conical tubercles; lateral row of subconical tubercles from
the posterior region of the parotoid gland to insertion of the groin, forming a
discontinuous fold. Skin more granular in the flanks with more prominent warts
densely distributed. Skin on venter with minute tubercles; chest and gular region
more granular than venter. Cloacal opening protuberant, directed posteriorly at
mid-level of the thighs. Tongue robust, ~ 2x longer than wide; notched anteriorly,
one half free posteriorly. Choana small and ovoid, widely separated. Maxillary,
premaxilla and vomerine teeth absent. Measurements of the holotype (mm).
SVL: 39.4; HW: 13.4; HL: 9; ED: 3.3; I0D: 6.1; EW: 3.3; EL: 4.3; IND: 4.0; E-N: 3.1;
NSD: 2.6; SL: 5.4; FL: 10.0; HNDL: 9.9; FEML: 13.3; TL: 13.6; FOOTL: 13.1; PL: 6.2.

Coloration of Holotype in life. Head mainly brown with some darker zones
in the tympanic region; the pupil is circular and the iris appears golden, accom-
panied by black mottled spots that become more grouped near the sclera. The
suborbital area is cream yellowish and extend in two lines of the same color,
one ends in the mouth corner, and the second, reach the upper lip. The dorsal
surface has a light brown background with a dark brown medial band that start
at the interorbital space covering both eyelids and extend medially toward the
cloacal sheath, becoming a discontinuous mark in the latter; at the level of the
parotoid glands and the middle of the dorsum, the aforementioned band turns
into an inverted V-shaped mark. The flanks of the body have a light brown col-
oration, in which highlights a cream yellowish line that extends from the up-
per eyelid to the groin that is cream yellowish with few black spots, crossing
the parotoid glands and the fine lateral row of tubercles. The ventral surface of
the body and posterior and anterior extremities have a cream yellowish back-
ground, with the presence of brown mottle marks that are more concentrated at
gular region and turn diffuses towards the posterior region of venter. The cloa-
cal opening has a divide coloration, in which the upper region is brown with yel-
low spots, and the lower region has a cream yellowish with brown marks. The
tarsal fold is light yellow and extend from the keel to the distal point of the toe V.
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Coloration of holotype in preservative (Figs 2, 4). The head has mainly
a dark brown coloration; the tympanic region is dark brown; the suborbital
region has a yellow mustard color and form two lines of the same color that
extends to the mouth corner and the upper lip, respectively. The dorsum has a
light brown background with a darker band that start in the interorbital space
and covers both eyelids and extends to the cloaca turning in a diffuse mark in
this region; at the level of the parotoid glands and the middle of dorsum this
band forms an inverted V-shaped mark. The flanks are dark brown almost
black with a cream yellowish line that start at the upper eyelid and extends
to the groin that has a yellow background with black spotting, crossing the
brown parotoid glands. The dorsal surfaces of the extremities are dark brown
with cream yellowish marks at the webbing and the tips of the fingers and
toes. The ventral surfaces of the body and extremities have brown mottled
marks on a yellow mustard background; the brown marks are concentrated in
the gular region turning into diffuse marks toward the cloaca. The cloaca has
two different colorations, in which the upper region is brown with few yellow
spots, and the lower region has a yellow background with brown marks. The
tarsal fold is yellow.

Variation. There is variation in the measurements between females and
males in which females have a longer size in some structures (Table 2). There
is also variation in the degree of the dorsolateral row of prominent tubercles
as follow: scattered conical tubercles that does not form a row (MHN-UCa-Am
198-199); lateral row of conical tubercles from the anterior part of the parot-
id glands to 2/3 of the lateral space to the groin (MHN-UCa-Am 196, 0412);
complete lateral row of conical tubercles from the anterior part of the parotid
glands to the groin (MHN-UCa-Am 1164). Head triangular in dorsal view point-
ed at the tip in females (MHN-UCa-Am 198, 421, 1164) or blunt at the tip in
males (MHN-UCa-Am 196, 199). The color patterns vary among the type series
from light brown with darker markings in the dorsum (MHN-UCa-Am 196), a
darker brown dorsum with diffuse dark marks (MHN-UCa-Am 198, Am 421, Am
1717; Fig. 5B, H, |, respectively) to a dark brown, almost black dorsum with in-
distinct black marks (MHN-UCa-Am 199, Am 1698, Am 1718, Fig. 5A, C and G,
respectively; and Am 1164, Fig. 2A). Three individuals have a cream/yellowish
longitudinal line in the dorsum (MHN-UCa-Am 199, 421, 1718. Fig. 5A, G, ). The
variability in the degree of the dark brown mottling and markings in the venter
is high (Fig. 5D—F, J-L); the chest and gular region varies from a light cream
yellowish background with diffuse and thin dark brown marks more abundant
from chest to the gular region (MHN-UCa-Am 196, 421, 1698, 1717) to a cream
colored background with thick and abundant dark brown to black markings
along the entire venter and completely dark in chest and gular region (MHN-
UCa-Am 198-199, 1718). Two individuals present two light cream lines, one
longitudinal from the tip of lower lip to the cloacal opening and the second
horizontal from the insertion of the arm (MHN-UCa-Am 199, 421). The females
have large eggs with a cream-yellow color and lacking reticulations (Fig. 6A).
The males lack nuptial excrescences and vocal slits, the testes are small and
present black reticulations (Fig. 6B).

Osteological description. The following description is based on two stained
and cleared adult female specimens (MHN-UCa-Am 1802, SVL = 35.98 mm;
MHN-UCa-Am 1492, SVL = 35.01 mm).
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Figure 5. Paratypes and referred specimens of Rhinella kumanday sp. nov. in preservative A, B, C, G-I dorsal views (MHN-
UCa-Am 199, 198, 1698, 1718, 1717, 421, respectively) and ventral views D-F, J-L (MHN-UCa-Am 199, 198, 1698, 1718,

1717, 421, respectively).
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Table 2. Measurements taken to the nine individuals of Rhinella kumanday sp. nov. housed in the MHN-UCa-Am. For the
measurements definitions see Materials and methods. MHN-UCa-Am 421, 1717, and 1802 are not part of the type series.

Female
Measurements | holotype MHN-
UCA-AM 1164

SVL 39.4

HW 13.4

HL 9

ED 3.3

10D 6.1

EW 3.3

EL 43

IND 4.0

E-N 3.1

NSD 2.6

SL 5.4

FL 10.0
HNDL 9.9
FEML 13.3

TL 13.6
FOOTL 13.1

PL 6.2

Female MHN- fe;:‘I’:rI:/iII:IN- Female MHN- | Female MHN-  Female MHN- | Female MHN- | Male MHN- = Male MHN-
UCA-AM 198 UCA-AM 421 UCA-AM 1698 UCA-AM 1717 UCA-AM 1718 UCA-AM 1802 UCA-AM 196  UCA-AM 199
40.1 325 35.01 35.54 37.71 35.98 36.4 37.8
13.7 12.1 12.36 12.51 13.26 11.08 11.6 11.5
8.7 7.2 9.45 9.87 9.61 8.30 6.1 8.0
3.2 3.5 3.12 3.87 3.59 3.92 3.1 3.2
5.5 4.4 4.23 4.56 4.84 3.85 57 2.8
2.6 3.4 2 3.55 3.21 3.02 2.8 2.7
3.7 4.3 3.19 471 4.42 3.35 4.8 4.2
3.8 34 33 3.64 3.63 3.86 3.5 3.8
2.4 2.4 2.52 2.82 2.81 - 2.3 2.1
2.9 2.4 1.63 2.5 2.49 3.3 2.8 2.7
5.2 4.5 4.96 4.93 5.06 - 5.6 5.2
9.0 6.9 8.55 8.36 7.96 10.06 7.1 7.0
9.6 7.4 9.39 9.06 8.33 4.59 8.6 8.5
10.9 9.9 12.6 12.69 12.79 13.32 8.2 9.0
12.8 9.6 11.42 11.44 10.91 14.99 11.3 10.5
11.6 10 12.03 11.67 11.12 14.21 11.1 10.9
5.9 5.7 4.84 4.35 4.7 - 5.8 5.4

Cranium. Shape of anterior margin of nasal bones are relatively blunt and in
contact medially; the anterior margin of the frontoparietal bones are not com-
pletely articulated with the posterior margin of nasals making the dorsal sur-
face of sphenethmoid visible; dermal roofing bones heavily ornamented with
pits, striations and rugosities; canthal crest blunt; preorbital crest present; su-
praorbital crest blunt and thick; postorbital crest present but weak; supratym-
panic crest present, distinct, expanded laterally towards the postorbital crest,
but the occipital artery pathway avoids connecting with the supraorbital crest;
pretympanic crest weak; parietal crest weak; the occipital artery canal partially
cover by bones; otic ramus enlarged in contact with the posterolateral margin
of frontoparietal bones; anterior margins of the nasal bones extended beyond
the dorsal margins of the alary processes of the premaxillae; alary processes
of the premaxillae angled posteriorly to the anterior margin of the premaxillae;
the anterior end of the septomaxilla is not developed; the zygomatic ramus of
squamosal is free from the ventral ramus; the jaw articulation is opposite to the
fenestra ovalis; columella is present but reduced in size and articulated with
the palatoquadrate and squamosal; tympanic annulus is absent; frontoparietal
extends beyond the lateral margins of the sphenethmoid; the sphenethmoid
reaches the palatines; the anterior ramus of the pterygoid articulates along the
margin of maxilla and does not contact the palatine; ventral ridge of the pala-
tines absent; medial ramus of the pterygoid is fused with the anterolateral mar-
gin of the parasphenoid; the surface of contact is jagged between the medial
ramus of pterygoid and parasphenoid alae; anterior margin of the cultriform
process of the parasphenoid is broadly rounded anteriorly; bony protrusion at
the angle of the jaw absent.
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Figure 6. Internal sexual anatomy of Rhinella kumanday sp. nov. A female (MHN-UCa-Am 198) B male (MHN-UCa-Am
199). Abbreviations: fb fat bodies; ov ovary; e ovarian eggs; t testes.

Vertebral column. The axial column consists of seven presacral vertebrae
with the neural spine flat or slightly elevated, and vertebrae I-Il are fused. The
decreasing lengths of the transverse processes and sacrum are: IlI>IV>Sa-
crum>V>VII>VI>ll; the maximum width of the sacral diapophysis is smaller than
the maximum length (maximum length and width of MHN-UCa-Am 1492: 5.36
mm and 3.85 mm, and MHN-UCa-Am 1802: 5.38 mm and 3.74 mm, respec-
tively); the length of the transverse processes of Ill and VI vertebrae are larg-
er than the length of the transverse process of vertebrae V (maximum length:
8.61 mm, 9.70 mm and 7.18 mm, respectively); transverse process of the VI
vertebrae is parallel to the V vertebrae; transverse process of the VIl vertebrae
is orientated anteriorly in relation to the medial axis of the vertebral column.
The anterior edge of the sacral diapophysis is oriented anteriorly to the midline
axis of the vertebral column; posterior margin of the sacral diapophyses is rel-
atively smooth; the fusion of the sacrum and the urostyle is distinguished; the
urostyle present lateral fringes in dorsal view. llium presents a large dorsally
directed protuberance and its dorsal crest is present but small; in lateral view,
the anteroventral margin of the symphysis of the iliac bone with the iliac axis
of the pelvic girdle is perpendicular to the plane of the iliac bone, forming an
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angle of 90°; ilia shaft lacks the dorsal crest in medial view; in lateral view, the
relative contribution of the ischium to the pelvic girdle is not evident, but the
contribution of the ilium to the pelvic girdle is observed, indicating a possible
fusion between the ischium and the pubis; the postventral crest of acetabular
expansion of ischium is well developed.

Pectoral girdle. The pectoral girdle is composed of various bones and carti-
laginous elements, which may exhibit different degrees of mineralization; ster-
num presents mesosternum and xiphisternum of reduced size, occupying a
small lower portion of coracoid, where a degree of mineralization can also be
observed; free epicoracoid, partially ossified on the closest edge to the cora-
coid; each protocoracoid continues through the epicoracoid, reaching the up-
per part of the clavicle, and it expands laterally until it reaches the distal end
where the clavicle articulates with the scapula; the omosternum is absent; a
moderate-sized foramen is observed in the upper part of the glenoid cavity,
probably caused by the medial union of the scapula, clavicle, and coracoid;
clavicle small (~ 5 mm in length in MHN-UCa-Am 1802); well-ossified scapula
being 2/3x clavicle length; the scapulae are wider at their lateral ends; anterior
and posterior margins of each scapula are concave; distal end of each scapula
has a bicondylar articulation; the most distal region of the pectoral girdle is
formed by the cleithrum and the suprascapula; degree of ossification between
the cleithrum and the suprascapula can vary, making it difficult to establish a
boundary between the structures; the cleithrum is more ossified towards the
anterior margin and extends laterally forming an incomplete rectangle (3/4 of
the plate); the posterior border is cartilaginous and lobulated.

Forelimbs. The humerus is the longest bone of the forelimb; the caput hu-
meri (glenoid epiphysis) is rounded; the eminentia capitate is visible as is a
large, rounded structure in the distal epiphysis; the shaft has a well-developed
ventral ridge that originates near the proximal head of the humerus and extends
to 2/3 of the humerus. A poorly developed proximo—medial ridge is observed;
the fossa cubitalis ventralis is narrow and inconspicuous; the radius and ulna
are completely fused medially into a single structure that shows a longitudinal
sulcus (sulcus intermedius) from the distal head to the head to the middle of
diaphysis; olecranon (proximal head of the ulna), and capitulum (proximal head
of the radius) are conspicuous and form a concave articulation surface with the
eminentia capitata. The autopodium has a set of carpal bones (ulnare, radiale,
element Y, distal carpal 2, distal carpal 5-4-3, four metacarpals and their corre-
sponding phalanges (Il to V) plus two ossified prehallical elements; elongated
metacarpals (IV>V>llI>ll); relative length of fingers is IV>V>llI>l; the ultimate
phalanx of the manual digits is pointed; the phalangeal formula is 2-2-3-3; in
ventral view, manus presents a pad-like ossified structure.

Hind limbs. The femur is ~ 35% of SVL, has a robust appearance and slightly
sigmoidal shape, accompanied by a rounded caput femoralis that fits into the
acetabulum of the pelvic girdle; in lateral view, a slight femoral crest is observed
and occupies 1/4 of the femur length; tibia and fibula are fused, only distinguish-
able by the presence of the sulcus intermedius; femur (~ 12 mm) is slightly lon-
ger than the tibia-fibula (~ 11 mm); the tibia-fibula present equal length and are
fused at the distal and proximal epiphyses. The autopodium consist of a series of
tarsal elements (tibia-fibula, and two distal elements), five metatarsal elements
with their corresponding phalanges (I-V), and two ossified prehallical elements;
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element Y is located proximally to metatarsal | and articulating medially with the
proximal elements of prehallux; two voluminous elements likely represent fused
element Y + distal tarsal 1, and distal tarsals 2 and 3, or element Y and distal
tarsals 1-3; the last phalanx of the toes of the hind leg is pointed; phalangeal
formula is 2-2-3-4-3, and the relative length of the toes is IV>IlI>V>[I>l.

Distribution. Rhinella kumanday sp. nov. is distributed in the Central Cordille-
ra of Colombia in an elevational range from 2404 to 3690 m (Fig. 7). It inhabits
Andean and high-Andean vegetation (Fig. 8) of the Cauca and Magdalena Mon-
tane Forests (sensu Dinerstein et al. 2017). Records of this toad are confined
to the area adjacent to Los Nevados Natural Park, which is in the northernmost
volcanic belt of the Central Cordillera.

Etymology. The name “kumanday” means “white beautiful”, a word given by
the indigenous Quimbaya to the snow-covered volcano that towers over the
Central Cordillera in the coffee growing region of Colombia.

Comparisons with other species. According to our genetic results (Fig. 1),
the most related species of the festae group to Rhinella kumanday sp. nov. are
R. paraguas, R. ruizi, and R. nicefori with which are grouped. However, R. kuman-
day sp. nov. differs from R. paraguas and R. nicefori by the presence of a well-de-
fined tarsal fold; moreover, differs from R. paraguas by having a smaller body
size (Table 3), the presence of a well-defined parietal crest, and the absence
of nuptial excrescences in males (parietal crest absent, nuptial excrescences
present in R. paraguas; Grant and Bolivar-G. 2014). Also, R. kumanday sp. nov.
differs from R. ruizi by the presence of a well-defined sagittal ridge between the
point of the snout and the superior lip (absent in R. ruizi; Grant 2000), and the
number of presacral vertebrae (seven in R. kumanday sp. nov. vs eight in R. ruizi
Grant and Bolivar-G. 2014). Moreover, the new species differs from other spe-
cies of the festae group such as R. acrolopha, R. chullachaki, R. festae, R. lindae,
R. macrorhina, R. rostrata, and R. truebae by the aforementioned presence of the
tarsal fold (absent in those species); from R. acrolopha, R. festae and R. mac-
rorhina by the presence of low cranial crest (prominent cranial crest in the three
species; Trueb 1971); from R. tenrec, R. lindae and R. truebae by having a smaller
body size (Table 3; Lynch and Renjifo 1990; Rivero and Castafio 1990). Also,
Rhinella kumanday sp. nov. differs from R. tenrec by the less acute snout (very
acute in R. tenrec), less presacral vertebrae (seven vs eight in R. tenrec), the
fusion between sacral and the urostyle (not fused in R. tenrec), and the eleva-
tional distribution (> 2000 m in R. kumanday sp. nov. vs < 1300 m in R. tenrec).
Rhinella kumanday sp. nov. also differs from R. truebae, R. chavin, R. lilyrodrigue-
zae, R. manu, R. multiverrucosa, R. nesiotes, R. tacana, and R. yanachaga by the
absence of the tympanum and annulus tympanic (present in those species).

Conservation status. Rhinella kumanday sp. nov. is only known from 12 lo-
calities in the montane forests of both slopes of the Central Cordillera in the
departments of Caldas and Tolima, Colombia. The calculation of its extent
of occurrence (EOO) using the minimum convex polygon method, as recom-
mended by the International Union for the Conservation of Nature computed
with GeoCAT (Bachman et al. 2011), results in an EOO of 208 km?. This lim-
ited distribution area strongly suggests that the species should be classified
as Endangered; however, population dynamics are still unknown. The observed
specimens of R. kumanday sp. nov. show irregular temporal occurrences and
are typically associated with occasional encounters. This new species is

ZooKeys 1196: 149-175 (2024), DOI: 10.3897/z00keys.1196.114861 165



Luis Santiago Caicedo-Martinez et al.: A new species of the Rhinella festae group

TEOTW

"

ogo”
1

TETW

Figure 7. Distribution of Rhinella kumanday sp. nov. Records obtained from specimens deposited in the Coleccion de
Anfibios of the Museo de Historia Natural of the Universidad de Caldas (MHN-UCa-Am) and the specimen (TG 2115)
mentioned by Machado et al. (2016) and Pereyra et al. (2021). Red star indicates the type locality.

considered rare within its distribution area. Recent field surveys conducted in
the type locality and surrounding areas have resulted in low capture success
rates. Additionally, our knowledge of the species’ natural history, distribution,
and reproductive behavior remains incomplete, which raises concerns about
its vulnerability. The Parque Nacional Natural Los Nevados and the Reserva
Forestal Protectora Bosques de la CHEC, are likely protecting population of
this species, but mining activities such as the Tolda Fria project might have
adverse effects on the species. Records of Rhinella sp. from the departments
of Quindio and Risaralda (e.g., Castafio et al. 2017), require further review to
confirm whether or not they belong to R. kumanday sp. nov.

Natural history. Rhinella kumanday sp. nov. presents terrestrial and crepuscu-
lar habits. This species has been observed to be associated with leaflitter or un-
der rotten log during early morning hours and twilight (Rojas-Morales and Marin-
Martinez 2019 as Rhinella sp.). It has been recorded in secondary forests within
the Andean ecosystems of the Central Cordillera in the departments of Caldas
and Tolima (Fig. 8). The vegetation structure of the locations includes plants
from genera such as Brunellia Ruiz & Pavdn, 1794 (Brunelliaceae), Chamaedorea
Willd., 1806 (Arecaceae), Saurauia Willdenow, 1801 (Actinidiaaceae), Oreopanax
Decaisne & J.E. Planchon, 1854 (Araliaceae), Cyathea Sm., 1793 (Cyatheaceae),
Juglans L., 1753 (Junglandaceae), Croton L., 1753 (Euphorbiaceae), and Om-
brophytum Poepp. ex Endl. (Balanophoraceae). Rhinella kumanday sp. nov. has
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Figure 8. The Andean cloud forests of Manizales and Villamaria, Caldas A Google Earth©
image with the type locality (arrow) of Rhinella kumanday sp. nov. B general landscape of
the Reserva Forestal Protectora Bosques de la CHEC C collection site inside the forest.

been found at the edges of creeks and streams inside the forest, as well as
near streams close to the Pan-American Road in Caldas. Based on observations
of seven individuals, Escobar-Lasso and Gonzalez-Duran (2012, as Rhinella sp.)
described the defensive behavior of R. kumanday sp. nov. The behavior included
thanatosis or death feigning. The only known natural predator of this species is
the False-coral snake Erythrolamprus lamonae (Dunn, 1944) (pers. obs.). Rhinel-
la kumanday sp. nov. shares its habitat with other species, including the bufonid
Osornophryne percrassa Ruiz & Hernandez, 1976, in parts of its distribution. It is
also likely to be sympatric with Atelopus quimbaya Ruiz & Osorno, 1994, which
inhabits similar environments in the altitudinal band of the Los Nevados area.
However, there have been no records of the latter species since 1997.
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Table 3. Measurements (in mm) of some species of the R. festae group distributed in the Colombian Andes. The in-
formation was obtained from the literature and include minimum and maximum range, mean and standard deviation
for R. paraguas. In the case of R. kumanday, the male data do not show the variation as there were only two males. For
R. tenrec the complete dataset of measurements is given only for the female holotype, and for R. truebae, the species is
only known from one female individual.
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HW 11.1-137, | 116  13.1-16.7,  10.2-14.6, 22.3 - - 20.5 18.8 1.4 11.1 14.3
(12.7,+1.0) (14.9,+0.2) | (11.8,#0.3)
HL 8.3-9.9, 71 | 122-144,  9.6-11.8, 20.1 2338 9.0 20.8 18.2 10.1 10.0 13.6
(9.2,40.6) (13.0,+0.1) | (10.6,#0.2)
ED 3.1-3.9, 32 - - 5.00 - - 6.6 4.8 32 33 46
(3.5,0.4)
10D 3.9-6.1, 43 43-58, 3.1-5.0, 10.7 11.0 4.0 9.9 8.2 4 4 6.5
(4.9,£0.8) (5,£0.1) (4.2,0.2)
EW 2-3.6, 2.7 - - 3.8 - - 45 - - - -
(2.9,40.6)
EL 3.2-4.7, 45 4.8-57, 3.9-4.7, 4.8 4.0 2.0 - - - - -
(4.0,£0.6) (5.3,20.1) | (4.4,0.1)
IND 3.3-4, 3.7 4.0-4.8, 3.5-4.3, - - - - - - - -
(3.7,£0.24) (4.5,20.1) | (3.9,0.1)
E-N 2.4-2.38, 22 2.6-3.5, 2.0-2.9, 6.0 6.1 3.0 6.5 4 22 1.9 33
(2.7,40.3) (3.0,20.1) | (2.5,0.1)
NSD 1.6-3.3, 2.7 2.3-35, 2.3-3.1, - - - - 4 1.7 1.9 2.4
(2.6,40.6) (31,#0.1) | (2.7,%0.1)
SL 4.9-54, 5.4 5.4-6.4, 4.7-58, - 3 1.5 - - - - -
(5.1,£0.2) (6.1,20.1) | (5.2,0.1)
FL 7.9-101, | 7.0 | 10.1-133, @ 7.4-10.6, - - - - - - - -
(8.9,40.9) (11.2,+0.2) | (8.6,£0.2)
HNDL 4.6-9.9, 8.5 | 11.1-135 | 7.3-102 - - - - - - - -
(8.5,%1.9) (12.1,#0.2) | (8.8,+0.2)
FEML 10.9-133, | 8.6 - - - 23.25 10.0 - - - - -
(12.6,+0.9)
TL 10.9-14.9, | 109  13.3-169, @ 9.8-128, 21.3 23.35 10.5 238 16 9.0 10.2 15.3
(12.5,+1.6) (14.8,£0.2) | (11.4,40.3)
FOOTL | 11.1-14.21, | 11 13.3-182, = 9.5-13.5, 20.1 27.5 10.5 29.5 26 16.1 15.00 25.1
(12.3,+1.2) (15.8,0.3) | (11.8,0.3)
PL 4.4-6.2, 5.6 - - - - - 11.9 - - - -
(5.2,+0.8)

Regarding diet, based on dissection of three stomachs of preserved speci-
mens (MHN-UCa-Am 198, 1492, 1802), we found three invertebrate prey items
belonging to Coleoptera (Curculionidae and one unidentified) and Acari. The
reproductive biology is not documented. We have not seen tadpoles or am-
plectant pairs; however, three preserved gravid females with an unknown grav-
ity period (MHN-UCa-Am 198, 1802, and GGD-001) contained 96 (diameter
1.82+0.19;n=10),38 (1.81 mm % 0.21; n = 10), and 81 eggs (1.40 mm # 1.50;
n = 10), respectively. The eggs presented mostly a yellowish cream coloration
in preservative. This color condition has also been reported in preserved spec-
imens of R. acrolopha, R. chavin, R. festae, R. macrorhina, and R. nicefori (Trueb
1971; Lehr et al. 2001). The calls of R. kumanday sp. nov. are unknown, although
we tried to record them in captivity without success.
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Discussion

We present compelling evidence encompassing morphological, genetic, and os-
teological traits supporting the recognition of a new species of Rhinella in the
Central Andes of Colombia. Over the past decade, a series of studies conducted
in montane and subparamo forests of the municipalities of Manizales and Vil-
lamaria, Department of Caldas, as well as in the municipality of Murillo, Depart-
ment of Tolima, have consistently alluded to the presence of an undescribed spe-
cies (Rojas-Morales et al. 2014; Machado et al. 2016; Gomez-Salazar et al. 2017;
Rojas-Morales and Marin-Martinez 2019; Pereyra et al. 2021). Our results confirm
these previous observations and, in addition, the affiliation of R. kumanday sp.
nov. with the R. festae group. The formal description of R. kumanday sp. nov.
underscores the remarkable diversity of the genus which now comprises 23 spe-
cies in Colombia and 93 globally (Acosta-Galvis 2023; Frost 2023). However, the
extent of diversity within the genus is still underestimated (Pereyra et al. 2021).
The small number of specimens deposited in biological collections, as well as
paucity of collaborative research efforts among scientists interested in this group
of toads may have been the cause of the delayed description of this species. Rec-
ognizing the vulnerability of many Rhinella species within the festae group (IUCN
2023), R. kumanday sp. nov. is key for the implementation of localized conserva-
tion initiatives, as previously undertaken or recommended for other Andean spe-
cies (Burbano-Yandi et al. 2015). Of the 23 species of Rhinella distributed in Co-
lombia, eight are listed as threatened (IUCN 2023), and seven of these threatened
species belong to the R. festae group: R. rostrata (Critically Endangered - EN);
R. acrolopha, R. lindae, R. nicefori, and R. tenrec (Endangered - EN); and R. mac-
rorhina and R. ruizi (Vulnerable — VU; IUCN 2023). Beyond Colombian borders, the
species of this group face similar threats with four species listed as threatened:
R. nesiotes: (VU); R. arborescandens, R. chavin and R. yanachaga (EN; IUCN 2023).
This means that 50% of the group’s recognized and named species (11 of 21) are
considered threatened. Five additional species are included in the Data Deficient
category. Increasing field efforts may reveal more threatened species within the
genus. In the case of R. kumanday sp. nov., we suggest it should be assessed as
Endangered due to the extent of its occurrence spanning only 208 km?2. This spe-
cies appears to be restricted to the Andean forests of both slopes of the Central
Andes in the departments of Caldas and Tolima based on observations of our
research team aimed at locating and evaluating the current status of other endan-
gered species such as Atelopus quimbaya. During this ongoing project, new indi-
viduals of R. kumanday sp. nov. have been discovered (MHN-UCa-Am 1717-18).
Based on morphological traits including the snout projected, cranial crest rel-
atively developed, tympanic membrane and annulus tympanic absent (Pereyra
et al. 2021:11), R. kumanday sp. nov. aligns with the internal clade previously
recognized as the R. acrolopha group but now part of the R. festae group. The
lack of tympanic structures is a prevalent trait among species in the R. fes-
tae group and other Rhinella species (Pereyra et al. 2021; Castillo-Urbina et
al. 2021). The absence of tympanic structures is linked to a communication
mechanism based on the reception of environmental vibrations (Castillo-Urbi-
na et al. 2021). Consequently, exploring the acoustics behavior of the earless
R. kumanday sp. nov., and data on reproductive aspects such as mating and the
morphological traits of the tadpoles are essential for a deeper understanding
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of the natural history of this species. However, the high yolk concentration as
suggested by the mostly yellowish cream coloration of the eggs could indicate
that this species has direct development as observed in other amphibian spe-
cies (de Lima et al. 2016). Reproductive ecology and behavior are important
aspects to study in the near future for these poorly known toads. Lehr et al.
(2021) stated that R. manu is often found far away from the water, suggesting
they also may reproduce through direct development. Although R. kumanday
sp. nov. inhabits near of creeks and streams within the Andean forest, it might
also direct-development.

Finally, the Andes play a pivotal role in both the diversification and conser-
vation of amphibians, with new species being discovered every year (Sepulve-
da-Seguro et al. 2022). Nonetheless, the Andean and sub-Andean forests in
Colombia are highly threatened with only ~ 25% of the original area remaining
(Armenteras and Villareal 2003; Etter et al. 2017). Consequently, evaluating the
effects of deforestation and the expansion of the agricultural-livestock frontier
on small and restricted species such as those within the R. festae species group,
including the new species described here, is imperative. Furthermore, phylogeo-
graphic studies including the Colombian species of this group are relevant for
understanding the underlying dynamics influencing their current distribution.
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Abstract

Robust keys exist for the family-level groups of Cynipoidea. However, for most regions
of the world, keys to genera are not available. To address this gap as it applies to North
America, a fully illustrated key is provided to facilitate identification of the tribes and
genera of rose gall, herb gall, and inquiline gall wasps known from the region. For each
taxon covered, a preliminary diagnosis and an updated overview of taxonomy, biology,
distribution, and natural history are provided.

Key words: Cecidology, identification, taxonomy

Introduction

Gall wasps (Hymenoptera: Cynipidae sensu lato) comprise a fascinating group
of gall inducers and inquilines that are associated with a tremendous diversity
of host plants, including at least eight families (Ronquist et al. 2015; Azmaz and
Katilmis 2020; Buffington et al. 2020). However, the taxonomy of these insects
is poorly resolved, and few resources exist to enable their identification. Some
recent keys (e.g., Buffington et al. 2020) stand as milestones within systematics
of Cynipoidea, as they are heavily illustrated and feature images that highlight
important diagnostic characters, but these products only address family-level
taxa. Within the gall wasps in particular, no comparable keys exist for genera,
and virtually no useful diagnostic tools exist for the North American fauna spe-
cifically. The last generic key broadly covering North American cynipids is that of
Weld (1952), privately published more than 70 years ago. As a result, a new key is
necessary to enable tribal and generic identification of North American cynipids.
Part and parcel to this dilemma is a general observation that the current limits of
many cynipid genera themselves are in flux, leaving a difficult situation for providing
effective keys. Towards this end, we have addressed this challenge by focusing here-
in on inquilinous cynipids and those inducing galls on herbaceous and rosaceous
plants, therein leaving the oak galling cynipids (tribe Cynipini) for future projects.
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Recent revisionary works (e.g., Lobato-Vila and Pujade-Villar 2021) have
made the North American cynipid fauna more approachable. Additionally, the
cynipid fauna of the United States, Canada, and Mexico exclusive of Cynipini
was recently cataloged by Nastasi and Deans (2021). An overview of North

American cynipid taxonomy as treated therein is provided in Table 1.

Materials and methods

Our taxonomic framework follows Nastasi and Deans (2021); nomenclatural, bio-
logical, and distributional data are provided therein for each species in the genera
treated in the present work. The skeleton of this key was based on Buffington et al.
(2020). Othercharactersinthe presentwork follow Ronquistetal. (2015) orhavebeen
developed through the authors’ taxonomic work on North American Cynipoidea.
For those unfamiliar with cynipoid morphology, we recommend consulting
the line drawings of ‘Hymenoptera of the World' (Goulet and Huber 1993) and
Melika (2006). Those more advanced in their knowledge may opt to reference
the Hymenoptera Anatomy Ontology (Yoder et al. 2010) or the Phenotype and
Trait Ontology (PATO curators 2023), the former of which serves as the primary

foundation of the morphological terminology applied herein (Table 2).

Each character is illustrated by color micrographs of museum specimens,
which enables stronger recognition of relevant morphology. Images were cap-
tured using a Macroscopic Solutions ‘microkit’ (Tolland, CT) imaging station,
stacked using Zerene Stacker LLC (Richland, WA), and edited using Adobe
Photoshop and/or Adobe lllustrator (San Jose, CA).

Table 1. Overview of North American gall wasp fauna. Species numbers refer to those known from North America; taxon-
omy, species numbers, and biological data are based on Nastasi and Deans (2021) except for Cynipini, which is derived
from Melika et al. (2021). * = raised to subfamily Diplolepidinae in the family Diplolepididae by Hearn et al. (2023).

Taxon
Tribe Aulacideini
Genus Antistrophus Walsh

Genus Aulacidea Ashmead

Genus Liposthenes Forster

Tribe Ceroptresini

Genus Buffingtonella Lobato-Vila & Pujade-Villar
Genus Ceroptres Hartig

Tribe Cynipini

Tribe Diastrophini

Genus Diastrophus Hartig

Genus Periclistus Forster

Genus Synophromorpha Ashmead

Tribe Diplolepidini*

Genus Diplolepis Geoffroy

Tribe Phanacidini

Genus Phanacis Forster

Tribe Synergini

Genus Saphonecrus Dalla Torre & Kieffer
Genus Synergus Hartig

Biology
Gall inducers on Asteraceae; Lamiaceae

Gall inducers on Chrysothamnus, Lygodesmia, Microseris, Silphium
(Asteraceae)

Gall inducers on Hieracium, Lactuca, Nabalus, Pilosella, Rhaponticum
(Asteraceae)

Gall inducers on Glechoma (Lamiaceae)
Inquilines of Cynipini
Unknown; presumed inquilines of Cynipini as in Ceroptres
Inquilines of Cynipini
Gall inducers on Fagaceae, especially Quercus
Gall inducers on Rosaceae or inquilines of Diastrophus or Diplolepidini
Gall inducers on Fragaria, Potentilla, Rubus (Rosaceae)
Inquilines in galls induced by Diplolepis
Inquilines in galls induced by Diastrophus
Gall inducers on Rosa
Gall inducers on Rosa
Gall inducers on Asteraceae
Gall inducers on Hypochaeris, Taraxacum (Asteraceae)
Inquilines of Cynipini
Inquilines of Cynipini
Inquilines of Cynipini

ZooKeys 1196: 177-207 (2024), DOI: 10.3897/zookeys.1196.118460

Nr of spp.
21
10

10

19
18
~ 680

25
14

34
34

69

67
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Table 2. Overview of morphological terminology employed in the key to genera. URLs link to entries in the Hymenoptera

Anatomy Ontology (Yoder et al. 2010) or the Phenotype and Trait Ontology (PATO curators 2023).

Term
Areolet
Carina (plural carinae)
Coriaceous sculpture
Eye
Facial radiating striae
Fore wing
Frons
Granular sculpture
Hypopygium
Mesopleural impression
Mesopleuron
Mesoscutum
Metasoma
Metasomal tergite 1
Metasomal tergite 2
Metasomal tergite 3
Metatarsal claw
Notaulus (plural notauli)
Pronotal plate
Pronotum
Punctate-setigenous sculpture
Reticulate sculpture

Sculpture

Scutellar fovea (plural scutellar
foveae)

Seta (plural setae)
Striate sculpture
Suture

Syntergite

Torulus (plural toruli)
Wing cell

ZooKeys 1196: 177-207 (2024), DOI: 10.3897/zookeys.1196.118460

The sculpture that consists of punctation in which each puncture contains a single seta.
The sculpture that is superficially net-like, consisting of a network of carinae or indentations

URL or definition
http://purl.obolibrary.org/obo/HA0_0000147
http://purl.obolibrary.org/obo/HA0_0000188
http://purl.obolibrary.org/obo/HA0_0002379
http://purl.obolibrary.org/obo/HA0_0000217
http://purl.obolibrary.org/obo/HA0_0001770
http://purl.obolibrary.org/obo/HA0_0000351
http://purl.obolibrary.org/obo/HA0_0001044
http://purl.obolibrary.org/obo/PAT0_0001759
http://purl.obolibrary.org/obo/HA0_0000410
http://purl.obolibrary.org/obo/HA0_0001952
http://purl.obolibrary.org/obo/HA0_0000566
http://purl.obolibrary.org/obo/HA0_0000575
http://purl.obolibrary.org/obo/HA0_0000626
http://purl.obolibrary.org/obo/HA0_0000053
http://purl.obolibrary.org/obo/HA0_0000056
http://purl.obolibrary.org/obo/HA0_0000057
http://purl.obolibrary.org/obo/HA0_0001927
http://purl.obolibrary.org/obo/HA0_0000647
http://purl.obolibrary.org/obo/HA0_0000838
http://purl.obolibrary.org/obo/HA0_0000853

enclosing polygonal cellules.
http://purl.obolibrary.org/obo/HA0_0000913
http://purl.obolibrary.org/obo/HA0_0000916

http://purl.obolibrary.org/obo/HA0_0002299
http://purl.obolibrary.org/obo/PAT0_0001410
http://purl.obolibrary.org/obo/HA0_0000982
http://purl.obolibrary.org/obo/HA0_0000987
http://purl.obolibrary.org/obo/HA0_0000908
http://purl.obolibrary.org/obo/HA0_0001091

Specimens referenced during the production of this key, including those pho-
tographed to produce figures, are housed in the Frost Entomological Museum
(PSUC; University Park, PA) or the United States National Museum of Natural
History (USNM; Washington, DC). Unique specimen identifiers in the form of
catalog numbers (USNMENT or PSUC_FEM numbers with corresponding bar-
codes) link each image to specimens housed at the corresponding collection.

Results

Key to the tribes and genera of herb, rose, bramble, and inquiline gall

wasps of North America (Hymenoptera: Cynipoidea)

To verify the applicability of this key to a given specimen, first run unknown
individuals through the superfamily key in Goulet and Huber (1993) to confirm
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the specimen belongs to Cynipoidea, then Buffington et al. (2020) to confirm
placement in Cynipidae. This process is critical in that a few North American
Figitidae can superficially resemble Cynipidae. We recommend the use of good
lighting, diffused through mylar, when using the key; this is especially essential
for viewing patterns of cuticular sculpture and characters involving the prono-
tal plate.

Some North American genera are problematic with regard to their taxonomic
status or their true occurrence in the region. Where applicable, these taxa are
present in the key or otherwise mentioned in the systematic treatment below.
Additionally, many undescribed taxa within the scope of these keys are known,
and many taxonomic acts are necessary to stabilize the fauna covered here. Fu-
ture iterations of the key in this work will address updated taxonomy as it is pub-
lished, but the present key has been written to be as compatible as possible with
all upcoming taxonomic changes known to the authors. We provide provision-
al taxon diagnoses in the below taxon treatments to facilitate identification of
the tribes and genera as they are currently defined; these diagnoses are based
only on North American members of each taxon. We expect these diagnoses to
change as taxonomic work on the North American cynipid fauna progresses.

1 Pronotum distinctly short dorsomedially, forming a narrow strip behind
head, with medial height (Figs 1—4, pmh) approximately 1/7 or less the lat-
eral height (Figs 3, 4, plh). Pronotal submedial pits absent (Figs 1, 2). Gall
inducers on Rosa (Rosaceae) or several genera of Fagaceae, especially
QUEICUS ...ttt ettt ettt et et ateeneeenbeenee 2

- Pronotum taller and broader dorsomedially, with medial height (Figs 5, 6,
pmh) usually approximately 1/3 the lateral height (Figs 7, 8, plh). Pronotal
submedial pits usually present and well-impressed (mep, Fig. 6). Gall in-
ducers on other plants orinquilines ingalls..........c..cccoooiiiiiiiiii 3

ﬁ?".

i

"
L
’

it

VB . , .
Figures 1-8. 1 Andricus quercuscalifornicus, anterodorsal view (USNMENTO01231839) 2 Diplolepis bicolor, anterodorsal
view (USNMENTO01231831) 3 Dryocosmus kuriphilus, lateral view (USNMENT01231861) 4 Diplolepis bicolor, lateral view
(USNMENTO01231831) 5 Synergus atripennis, anterodorsal view (USNMENT01231845) 6 Antistrophus laciniatus, antero-
dorsal view (USNMENT01448496) 7 Phanacis sp., lateral view (USNMENT01448498) 8 Antistrophus laciniatus, lateral
view (USNMENT01448496). Abbreviations: mep = pronotal submedial pits, plh = pronotum lateral height, pmh = prono-
tum medial height.
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2 Mesopleuron medially with broad, crenulate transverse impression (Fig. 9,
mci). Female hypopygium always distinctly plowshare-shaped (Fig. 10,
hyp). Scutellar foveae faint or absent (Fig. 11, scf). Fore wing vein 2r usu-
ally with distinct median vein stump projecting distally (Fig. 12, 2r). Gall
inducers 0N ROSA.......cccceeeeerueeeeeene. Diplolepididae: Diplolepis Geoffroy

- Mesopleuron usually without broad crenulate impression (Fig. 13).
Female hypopygium usually not plowshare-shaped (Fig. 14, hyp); if plow-
share-shaped (only in Protobalandricus Melika, Nicholls & Stone, 2018),
then mesopleuron entirely smooth. Scutellar foveae usually distinct
(Fig. 15, scf). Fore wing vein 2r usually without distinct stump (Fig. 16, 2r).
Gall inducers on Fagaceae, especially QUercus ...........ccccceeeeeeeeereecenenne
.................... Cynipini (not keyed further; see taxonomic treatment below)

Figures 9-16.9 Diplolepis bicolor, lateral view (USNMENT01231831) 10 Diplolepis bicolor, lateral view (USNMENT01231831)
11 Diplolepis bicolor,dorsal view (USNMENTO01231831) 12 Diplolepis rosae, fore wing (USNMENT00655959) 13 Dryocosmus
kuriphilus, lateral view (USNMENTO01231861) 14 Andricus quercuscalifornicus, lateral view (USNMENT01231839) 15 Dryo-
cosmus kuriphilus, dorsolateral view (USNMENT01231861) 16 Andricus cornigerus, fore wing (USNMENT00655954).
Abbreviations: hyp = hypopygium, mci = mesopleural crenulate impression, scf = scutellar foveae.

3  Metasomal tergites 2 and 3 partially or completely fused into a syntergite,
resulting in a metasoma composed of one or two segments (Figs 17, 18,
arrows indicate length of syntergite). Inquilines in galls on Quercus or fe-
male inquilines in galls on ROSaceae...........ccccoeevieiieiicicciccieeceee 4

- Metasomal postpetiolar terga free and articulated, not forming syntergite
and with no single segment especially enlarged (Figs 19, 20, arrows indi-
cate length of longest tergite). Gall inducers on Rosaceae, Asteraceae, or
Lamiaceae, or male inquilines in galls on Rosaceae ..........ccccccceevveveennnee. 8

4 Metasomal tergites 2 and 3 entirely fused into syntergite (Fig. 22, T2+T3).
Head and mesosoma generally roughly sculptured (Fig. 23). Pronotal plate
incomplete, at most weakly defined dorsally, and with marginal sutures
never reaching anterior margin of mesoscutum (Fig. 21, ppt). Inquilines in
galls oN QUErCUS ........c.cccveeeecieciecieeeeeee, Synergini: Synergus Hartig

- Metasomal tergites 2 and 3 often delineated by a distinct suture, with terg-
ite 2 much smaller than tergite 3 and appearing ligulate (Fig. 25), although
occasionally entirely fused into syntergite. Body usually less roughly
sculptured, often smooth and/or shining (Fig. 26). Pronotal plate com-
plete, well-defined both dorsally and ventrally, and with marginal sutures
reaching anterior margin of mesoscutum (Fig. 24, ppt.). Inquilines in galls
on Quercus or female inquilines in galls on Rosaceae ............ccccccoceuene... 5
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b . =
Figures 17-20. 17 Synergus sp., metasoma, dorsolateral view (USNMENTO01231858) 18 Ceroptres sp., metasoma, dor-
solateral view (USNMENT00917016) 19 Aulacidea cf. hieracii, metasoma, lateral view (PSUC_FEM 000253105) 20 Antis-
trophus pisum, metasoma, lateral view (PSUC_FEM 000247264). Arrows indicate length of longest metasomal tergite.

Figures 21-26. 21 Synergus atripennis, dorsolateral view (USNMENT01231845) 22 Synergus sp., metasoma, lateral view
(USNMENT01231858) 23 Synergus sp., lateral view (PSUC_FEM 000079457) 24 Synophromorpha sp., dorsolateral view
(USNMENT01448499) 25 Ceroptres sp., metasoma, dorsolateral view (USNMENT00917016) 26 Diastrophus kincaidii,
lateral view (PSUC_FEM 000251280). Abbreviations: ppt = pronotal plate, T2 = second metasomal tergite, T2+3 = com-
pletely fused second and third metasomal tergites, T3 = third metasomal tergite.

5 Metasomal tergites 2 and 3 delineated by a distinct suture, with tergite
2 much smaller than tergite 3 and appearing ligulate (Fig. 27). Mesoscu-
tum with or without abundant setigenous punctation. Female or male in-
quilines in galls on QUErCUS ...........ccoeeeeiieieieeeeeee, 6 (Ceroptresini)

- Metasomal tergites 2 and 3 entirely fused into syntergite, at most with a
slight indication of a suture delimiting tergite 2 but never with tergites fully
separated (Fig. 28). Mesoscutum with distinct setigenous punctation at
least anteriorly (Fig. 29). Female inquilines in galls on Rosaceae...............
................................................................................... 7 (Diastrophini, in part)
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Figures 27-29. 27 Ceroptres sp., metasoma, dorsolateral view (USNMENT00917016) 28 Diastrophus kincaidii, metaso-
ma, lateral view (PSUC_FEM 000251280) 29 Periclistus sp., lateral view (PSUC_FEM 000250920). Abbreviations: T2 = sec-
ond metasomal tergite, T2+3 = completely fused second and third metasomal tergites.

6  Areabetween toruli depressed and often pubescent (Fig. 30, dep). Metaso-
mal tergite 1 mostly concealed, smooth (Fig. 31, T1). Frons with distinct
facial carinae ventral to toruli apparent at least as short ridges below toruli
(Fig. 30, fac). Frequently collected..........cccccovviririreriennne. Ceroptres Hartig

—  Area between toruli not depressed and not strongly pubescent (Fig. 32).
Metasomal tergite 1 relatively large and ring-like, not concealed, and longi-
tudinally striate (Fig. 33). Frons entirely without facial carinae ventral to toruli
(Fig. 32). Very rarely collected....... Buffingtonella Lobato-Vila & Pujade-Villar

Figures 30-33. 30 Ceroptres sp., head, anterior view (USNMENT00917016) 31 Ceroptres sp., metasoma, dorsolateral
view (USNMENT00917016) 32 Buffingtonella polita, head, anterior view (USNMENT00892509) 33 Buffingtonella poli-
ta, lateral view (USNMENT00892509). Abbreviations: dep = depressed intratorular area, fac = facial carinae, T1 = first
metasomal tergite.
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7  Fore wing with marginal cell closed, with a distinct, complete vein along an-
terior wing margin (Fig. 34, mcl). Notauli incomplete, absent anteriorly, well
developed posteriorly, not apparently widened posteriorly (Fig. 35). Mesoscu-
tum (Fig. 35) coriaceous and punctate-setigenous throughout, and more
densely pubescent. Inquilines in galls on Rosa...Periclistus Forster (females)

-  Fore wing with marginal cell open, without distinct vein along anterior
wing margin (Fig. 36, mcl). Notauli usually complete, always distinctly
widened posteriorly relative to anterior width (Fig. 37). Mesoscutum (Fig.
37) smooth to granulate and with fewer setigenous punctures, and less
densely pubescent. Inquilines in galls on RUDBUS............c.ccoevveviiiiieieieiinne.
........................................................... Synophromorpha Ashmead (females)

Figures 34-37. 34 Synergus sp., fore wing (PSUC_FEM 000079457) 35 Periclistus sp., dorsal view (PSUC_FEM
000250920) 36 Synophromorpha sp., fore wing (PSUC_FEM 000250918 37 Synophromorpha sp., dorsal view (PSUC_FEM
000250918). Abbreviations: mcl = marginal cell.

8 Pronotal plate complete, well-defined both dorsally and ventrally, and
with marginal sutures distinctly reaching anterior margin of mesoscutum
(Fig. 38, ppt). Metatarsal claws with distinct basal lobe (Fig. 39, mtl). Gall
inducers or male inquilines in galls on Rosaceae....9 (Diastrophini, in part)

- Pronotal plate usually poorly defined dorsally, never with marginal sutures
clearly reaching anterior margin of mesoscutum (Fig. 40, ppt). Metatarsal
claws simple and without distinct basal lobe (Fig. 41). Gall inducers on
Asteraceae Or Lami@Ceae .........ccuevuivieiiiiiieiieteieee et 11
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Figures 38-41. 38 Synophromorpha sp., dorsolateral view (USNMENTO01448499) 39 Diastrophus kincaidii, tarsal claw
(PSUC_FEM 000251280) 40 Antistrophus laciniatus, anterodorsal view (USNMENT01448496) 41 Antistrophus silphii,
tarsal claw (CYNANTO0048). Abbreviations: mtl = metatarsal claw lobe, ppt = pronotal plate.

10

Fore wing with marginal cell closed, with a distinct, complete vein along
anterior wing margin (Fig. 42, mcl). Notauli weakly developed, never dis-
tinctly complete, and not distinctly widened posteriorly (Fig. 43, not). Me-
soscutum more or less densely pubescent throughout (Fig. 43). Male in-
quilinesin galls on RoSsa ........ccccoevvevverienireninene. Periclistus Forster (males)
Fore wing with marginal cell open, without distinct vein along anterior wing
margin (Fig. 44, mcl). Notauli well-developed, usually distinctly complete,
and always distinctly widened posteriorly relative to anterior width (Fig.
45, not). Mesoscutum much less pubescent (Fig. 45). Female or male gall
inducers on Rosaceae or male inquilines in galls on Rubus..................... 10
Mesoscutum mostly to entirely coriaceous and with distinct setigenous
punctures, especially medially (Fig. 46). Male inquilines of Diastrophus
galls on Rubus (females with metasomal tergites 2 and 3 fused into a
syntergite, causing metasoma to appear mostly as one large segment) ...
.............................................................. Synophromorpha Ashmead (males)
Mesoscutum mostly smooth and shining, at most weakly coriaceous, and
without abundant strong setigenous punctures (Fig. 47). Female or male
gall inducers on Rosaceae (females with metasomal tergites 2 and 3 free
and articulated and without syntergite).............c.......... Diastrophus Hartig
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Figures 42-45. 42 Synergus sp., fore wing (PSUC_FEM 000079457) 43 Periclistus sp., dorsal view (PSUC_FEM
000250920) 44 Synophromorpha sp., fore wing (PSUC_FEM 000250918) 45 Synophromorpha sp., dorsal view (PSUC_
FEM 000250918). Abbreviations: mcl = marginal cell, not = notauli.

1 ..-'!' : f »
Figures 46, 47. 46 Synophromorpha sp., dorsal view (PSUC_FEM 000250918) 47 Diastrophus kincaidii, dorsal view
(PSUC_FEM 000251280).

‘ L 2 i i '
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11 Pronotum with submedial pits reduced, usually apparent as a continuous
linear depression (Fig. 48). Fore wing with marginal cell partially open,
with vein R1 reaching anterior margin of fore wing and continuing along
wing margin but not meeting vein Rs (Fig. 49, arrow indicates end of
vein R1). Gall inducers on Taraxacum officinale or Hypochaeris radicata
(ASTEraceae) .......ccccevvveevveeeeereieieieieeee, Phanacidini: Phanacis Forster

- Pronotum with submedial pits distinct and well-defined (Fig. 50, mep).
Fore wing with marginal cell either entirely open (Fig. 51, arrow indicates
end of vein R1 and dotted line indicates margin of fore wing along margin-
al cell), with vein R1 clearly not reaching wing margin, or entirely closed,
with vein Rs reaching wing margin and distinctly reaching vein Rs to en-
close cell. Gall inducers on several genera of Asteraceae, or Glechoma
hederacea (LAamMiacCeae)...........ccocveevveveeeveceereeereeeeeeenas 12 (Aulacideini)

Figures 48-51. 48 Phanacis sp., anterodorsal view (USNMENTO01448498) 49 Phanacis sp., wings (USNMENT01231855)
50 Antistrophus laciniatus, anterodorsal view (USNMENTO01448496) 51 Antistrophus laciniatus, wings (USN-
MENTO01448496); dotted line indicates margin of fore wing. Abbreviations: mep = pronotal submedial pits.

12 Mesopleuron with sculpture primarily or entirely reticulate (Fig. 52, msp),
often with fine striae intermediate to rows of reticulate cells (Fig. 53, msp).
Second metasomal tergite without distinct patch of setae, at most with a
few scattered setae (Fig. 52, 53). Marginal cell of fore wing always open
(Fig. 54, mcl). Gall inducers on Chrysothamnus, Lygodesmia, Microseris, or
Silphium (ASTEraceae)..........cccevveeieeeeneeeirieeeeeeeenen, Antistrophus Walsh

-  Mesopleuron with sculpture primarily or entirely transversely striate (Fig.
55, msp). Second metasomal tergite usually with distinct anterolateral
patch of pale setae (Fig. 56, T2p). Marginal cell of fore wing usually closed
(Fig. 57, mcl), open only in Liposthenes Forster. Gall inducers on several
genera of Asteraceae or on Glechoma hederacea (Lamiaceae) .............. 13
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Figures 52-57. 52 Antistrophus pisum, lateral view (PSUC_FEM 000247286) 53 Antistrophus meganae, lateral view
(PSUC_FEM 000248165) 54 Antistrophus laciniatus, wings (USNMENT01448496) 55 Aulacidea sp., lateral view (PSUC_
FEM 000247286) 56 Liposthenes glechomae, lateral view (PSUC_FEM 000248152) 57 Aulacidea sp., wings (PSUC_FEM
000247286). Abbreviations: mcl = marginal cell, msp = mesopleuron, T2p = setose patch on second metasomal tergite.

13 Fore wing with marginal cell closed and usually with areolet distinct
(Fig. 58, mcl and aro). Mesoscutum pubescent throughout, always with
abundant, closely-set setae and often appearing densely silky (Fig. 59).
Gall inducers primarily on Cichorieae (Asteraceae), especially Lactuca L ..
....................................................................................... Aulacidea Ashmead

- Fore wing with marginal cell open and areolet indistinct (Fig. 60). Me-
soscutum mostly bare, at most with a few scattered setae (Fig. 61). Gall
inducers on Glechoma hederacea (Lamiaceae) .......... Liposthenes Forster

TR : |
Figures 58-61. 58 Aulacidea sp., wings (PSUC_FEM 000247286) 59 Aulacidea sp., dorsal view (PSUC_FEM 000247286)
60 Liposthenes glechomae, wings (PSUC_FEM 000248152) 61 Liposthenes glechomae, dorsal view (PSUC_FEM
000248152). Abbreviations: aro = areolet, mcl = marginal cell.
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Systematic overview

Aulacideini
Figs 62-67,87-89

Diagnosis. Pronotum tall and broad dorsomedially. Pronotal submedial pits dis-
tinct and well-impressed. Pronotal plate present, usually only distinct in anterior
half of pronotum. Mesopleuron sculpture striate, reticulate, or striate-reticulate.
Mesoscutellar foveae distinct. Fore wing with marginal cell entirely open or en-
tirely closed, never partially open. Wings always hyaline, never tinted or with
darkened areas. Metatarsal claws without basal lobe. Metasomal tergites 2
and 3 free and articulate, never with a syntergite.

Note. The tribe Aulacideini is represented by approximately 90 species in ten
genera worldwide (Nieves-Aldrey 2022), three of which are known from North
America (Nastasi and Deans 2021): Antistrophus Walsh, 1869, Aulacidea Ash-
mead, 1897, and Liposthenes Forster, 1869. Monophyly of the tribe is rather
well-established (e.g., Ronquist et al. 2015; Blaimer et al. 2020), but the ge-
neric taxonomy is somewhat unsettled (Nieves-Aldrey 2022), and many North
American species await description (Nastasi, pers. comm.). The number of
introduced described species established in North America is uncertain (see
the treatment of Aulacidea Ashmead below), but Nastasi and Deans (2021)
reported 21 described species.

Globally, members of this tribe induce galls on five plant families (Azmaz and
Katilmig 2020; Buffington et al. 2020; Nieves-Aldrey 2022), but the described
North American taxa are restricted to host plants in the Asteraceae (tribes As-
tereae, Chicorieae, and Heliantheae) and Lamiaceae (Glechoma hederacea L.)
(Nastasi and Deans 2021). Galls induced by wasps of this tribe (Figs 87-89)
are most likely to yield adults when collected after host plants have senesced;
adult wasps emerge in mid spring through late summer depending on the gall
wasp species and collecting locality (Nastasi et al., in lit.). Many species induce
cryptic galls that produce no externally discernable modification to the plant
tissue; this phenomenon suggests that aulacideine herb gall wasps inducing
cryptic galls are probably more diverse than currently known and have evaded
detection due to their hidden galls.

Antistrophus Walsh, 1869

Type species. Antistrophus lygodesmiaepisum Walsh, 1869 (= Antistrophus pi-
sum Ashmead, 1885)

Diagnosis. Mesoscutum sparsely pubescent, at most with scattered setae
throughout and never appearing silky. Notauli typically incomplete but com-
plete in several species. Mesopleuron reticulate or striate-reticulate, never
entirely transversely striate. Fore wing with marginal cell open, with R1 never
reaching anterior wing margin, always without areolet, and with or without mar-
ginal setae. Second metasomal tergite without patch of setae.

Note. Antistrophus contains ten described species, all of which are known
from America north of Mexico (Nastasi and Deans 2021). Antistrophus wasps
are most commonly encountered in the Eastern and Midwestern United States,
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Figures 62-67. 62 Antistrophus pisum, lateral view (PSUC_FEM 000247286) 63 Antistrophus meganae, lateral view
(PSUC_FEM 000248165) 64 Antistrophus silphii, lateral view (CYNANTO0048) 65 Liposthenes glechomae, lateral view
(PSUC_FEM 000248152) 66 Aulacidea sp., lateral view (PSUC_FEM 000247286) 67 Aulacidea hieracii, lateral view
(PSUC_FEM 000253105).

although two species, A. chrysothamni (Beutenmdiller) and A. microseris (Mc-
Cracken & Egbert), are apparently restricted to Arizona and California respec-
tively (Nastasi and Deans 2021). Unpublished records indicate that the genus is
far more widely distributed than currently known and is likely common through-
out the United States and adjacent parts of Canada (Nastasi, pers. obs.).
Species of Antistrophus induce galls on several genera of asteraceous
plants: Chrysothamnus Nutt.; Lygodesmia D.Don; Microseris D.Don; and Silphi-
um L. Additional plant genera are known to host undescribed species. Antis-
trophus associated with Silphium are especially diverse and primarily comprise
undescribed species; each Silphium species appears to be galled by one or
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more host-specific or narrowly oligophagous gall wasp species, and some An-
tistrophus are emerging as pests of cultivated Silphium.

Antistrophus, as currently circumscribed, is a heterogeneous assemblage.
The genus contains all North American herb gall wasps that did not fit well
within Aulacidea Ashmead, 1897 or Diastrophus Hartig, 1840, of which the lat-
ter is now placed in Diastrophini. Many undescribed species of this genus are
known to us, and morphological and molecular data demonstrate that Antis-
trophus as currently defined is poorly circumscribed (unpublished data); the
limits of Antistrophus will be revised by an ongoing study. Nevertheless, all de-
scribed species currently placed in this genus as well as all undescribed spe-
cies currently known to us correctly key to Antistrophus here.

North American species (Nastasi and Deans 2021):

1. Antistrophus bicolor Gillette, 1891

2. Antistrophus chrysothamni (Beutenmiiller, 1908)

3. Antistrophus jeanae Tooker & Hanks, 2004

4. Antistrophus laciniatus Gillette, 1891

5. Antistrophus meganae Tooker & Hanks, 2004

6. Antistrophus microseris (McCracken & Egbert, 1922)

7. Antistrophus minor Gillette, 1891

8. Antistrophus pisum Ashmead, 1885 (replacement name for A. lygodesmi-
aepisum Walsh as given by Nieves-Aldrey [1994] but omitted from Nastasi
and Deans [2021])

9. Antistrophus rufus Gillette, 1891

10. Antistrophus silphii Gillette, 1891

Aulacidea Ashmead, 1897

Type species. Aulax mulgediicola Ashmead, 1896 (= Aulacidea harringtoni
[Ashmead, 1897])

Diagnosis (based on North American taxa): Mesoscutum densely pubes-
cent, often appearing silky but at least with rather abundant closely-set setae.
Notauli almost always complete (incomplete only in an undescribed species
from California). Mesopleuron transversely striate; with a small ventral patch of
reticulate sculpture in Aulacidea acroptilonica Tyurebaev, 1972. Fore wing with
marginal cell entirely closed, with R1 meeting Rs along anterior wing margin, al-
ways with areolet, and always with distinct marginal setae. Second metasomal
tergite with a distinct patch of setae (absent in Aulacidea acroptilonica Tyure-
baev, 1972 and sometimes appearing reduced in males of various species).

Note. Aulacidea contains some 40 described species (Azmaz and Katiimis
2020; Nieves-Aldrey 2022), 11 of which are known or suspected from North
America (Nastasi and Deans 2021). Native species known from North America
induce galls primarily on species of Lactuca L., although one species (A. nabali
[Brodie, 1892]) induces galls on Nabalus Cass, and one species (A. ambrosiae-
cola [Ashmead, 1896)) is doubtfully associated with Ambrosia L. Introduced or
suspected species induce galls on Hieracium L., Pilosella Hill, and Rhaponticum
Vaill. (Nastasi and Deans 2021).
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The number of established exotic Aulacidea is problematic as several
species have apparently been introduced (e.g., Moffat and Smith 2015), but
few records indicate whether they have successfully established. Aulacidea
acroptilonica Tyurebaev is definitively established in the Pacific Northwest,
but it is unclear whether A. subterminalis Niblett, 1946 or A. pilosellae (Kieffer,
1901) are truly established (Nastasi and Deans 2021). A single A. pilosellae
was collected via Malaise trap in Canada (Moffat and Smith 2015), but there
appear to be no subsequent records indicating establishment of this species
in North America. The only accessible evidence of establishment of A. sub-
terminalis in North America is a government report detailing introduction at-
tempts in Canada (Government of British Columbia 2018). Records appearing
to represent A. hieracii (Linnaeus, 1758) on Hieracium umbellatum L. in North
America have been confirmed since publication of the recent catalogue, al-
though there are some disputes over whether the population present in the
Nearctic is conspecific with those found in the Palearctic (unpublished data).
Overall, more research is needed to substantiate the identity and establish-
ment of the introduced taxa.

More generally, Aulacidea was erected by Ashmead for herb gall wasps (then,
the tribe Aylacini) with a closed marginal cell; this conception of Aulacidea re-
mains virtually unchanged at present. As with Antistrophus, Aulacidea is poorly
circumscribed, and the limits of this genus require adjustment (Ronquist et al.
2015; Nieves-Aldrey 2022).

North American species (Nastasi and Deans 2021):

1. Aulacidea abdita Kinsey, 1920

2. Aulacidea acroptilonica Tyurebaev, 1972
3. Aulacidea ambrosiaecola (Ashmead, 1896)
4. Aulacidea annulata Kinsey, 1920

5. Aulacidea harringtoni (Ashmead, 1887)
6. Aulacidea hieracii (Linnaeus, 1758)

7. Aulacidea nabali (Brodie, 1892)

8. Aulacidea pilosellae (Kieffer, 1901)

9. Aulacidea podagrae (Bassett, 1890)

10. Aulacidea subterminalis Niblett, 1946
11. Aulacidea tumida (Bassett, 1890)

Liposthenes Forster, 1869

Type species: Aulax glechomae Hartig, 1841 (= Cynips glechomae Linnaeus,
1758).

Diagnosis. Mesoscutum sparsely pubescent, at most with a few scattered
setae. Notauli complete. Mesopleuron mostly transversely striate, at most
with slight indication of reticulate sculpture. Fore wing with marginal cell open,
never with areolet distinct, and always with distinct marginal setae. Second
metasomal tergite always with a distinct patch of setae.

Note. Liposthenes is known in North America from a single introduced spe-
cies: L. glechomae (Linnaeus, 1758). This species was apparently introduced
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from Europe along with its host plant, Glechoma hederacea L., and has since
become widespread in the United States (Nastasi and Deans 2021). Liposthe-
nes glechomae is the only known gall wasp associated with Lamiaceae in the
Nearctic; all other known Nearctic Aulacideini, both described and known unde-
scribed species, are associated with Asteraceae.

North American species (Nastasi and Deans 2021):

1. Liposthenes glechomae (Linnaeus, 1758)

Ceroptresini
Figs 68, 69

Diagnosis. Pronotum tall and broad dorsomedially. Pronotal submedial pits
distinct and well-impressed. Pronotal plate present and complete. Mesoscute-
llar foveae distinct. Fore wing with marginal cell closed. Metatarsal claws with
basal lobe. Metasoma with syntergite, with third tergite greatly enlarged and
occupying most of metasoma and with second tergite reduced but free and
articulating. First metasomal tergite usually more or less concealed between
mesosoma and metasoma and without conspicuous sculpture (more visible
and conspicuously striate in some taxa easily confused with Ceroptres). Body
generally weakly sculptured.

Note. Ceroptresini includes 19 North American species: 18 species of
Ceroptres Hartig and Buffingtonella polita (Ashmead, 1896) (Nastasi and
Deans 2021).

Buffingtonella Lobato-Vila & Pujade-Villar, 2019

Type species. Ceroptres politus Ashmead, 1896

Diagnosis. Area between toruli not depressed and without dense pubes-
cence. Metasomal tergite 1 relatively large and ring-like, not concealed, and
longitudinally striate. Frons entirely without facial carinae ventral to toruli.

Note. Buffingtonella is known only from Virginia from eight specimens col-
lected in 1884 and 1885 (Lobato-Vila and Pujade-Villar 2019). These speci-
mens were apparently ovipositing into the midribs of leaves of Quercus rubra
L. at the time of collection, and as such, B. polita has been assumed to be an
inquiline of an unidentified oak gall wasp (Lobato-Vila and Pujade-Villar 2019).
However, the placement of this genus in Ceroptresini, its recognition as distinct
from other related taxa, and its biology remain to be substantiated (Lobato-Vila
and Pujade-Villar 2019). Upon examining the aforementioned material of this
species in the National Museum of Natural History, we confirm the diagnostic
characters for the genus as described by Lobato-Vila and Pujade-Villar (2019)
and have included it in the above key.

North American species (Nastasi and Deans 2021):

1. Buffingtonella polita (Ashmead, 1896)
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Figures 68, 69. 68 Buffingtonella polita, lateral view (USNMENT00892509) 69 Ceroptres sp., lateral view (USN-
MENT00917016).

Ceroptres Hartig, 1840

Type species. Ceroptres clavicornis Hartig, 1840.

Diagnosis. Area between toruli distinctly depressed and with abundant pu-
bescence. Metasomal tergite 1 small, mostly concealed between mesosoma
and following tergites, and dorsally smooth. Frons with distinct facial carinae
ventral to toruli, apparent at least as short ridges (we strongly recommend care-
ful positioning and light diffusion when assessing this character).

Note. Ceroptres are occasionally reared from galls induced on oaks by mem-
bers of the tribe Cynipini (Lobato-Vila and Pujade-Villar 2019; Nastasi and Deans
2021), but are otherwise infrequently encountered. Ceroptres are presumed to
be inquilines of Cynipini (Ronquist et al. 2015), although some theorize that they
may actually be parasitoids due to observation of female Ceroptres ovipositing
into mature galls rather than developing galls as is typical for gall inquilines
(Z. Liy, in lit.). While 18 described species of Ceroptres are known from North
America, the diversity of this genus has been sparsely surveyed, and many un-
described species are known in association with oak galls (S. Rollins and C.
Tribull, pers. comm. 2023). Ceroptres have also been reared by several North
American research groups in association with galls of cecidomyiid midges,
although the exact nature of this association is unknown.

North American species (Nastasi and Deans 2021):

1. Ceroptres catesbaei Ashmead, 1885

2. Ceroptres confertus (McCracken & Egbert, 1922)

3. Ceroptres cornigera Melika & Buss, 2002

4. Ceroptres ensiger (Walsh, 1864)

5. Ceroptres frondosae Ashmead, 1896

6. Ceroptres junquerasi Lobato-Vila & Pujade-Villar, 2019
7. Ceroptres lanigerae Ashmead, 1885

8. Ceroptres lenis Lobato-Vila & Pujade-Villar, 2019

9. Ceroptres mexicanus Lobato-Vila & Pujade-Villar, 2019
10. Ceroptres minutissimi Ashmead, 1885
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11. Ceroptres montensis Weld, 1957

12. Ceroptres nigricus Lobato-Vila & Pujade-Villar, 2019

13. Ceroptres petiolicola (Osten Sacken, 1861)

14. Ceroptres pisum (Osten Sacken, 1861)

15. Ceroptres quadratifacies Lobato-Vila & Pujade-Villar, 2019
16. Ceroptres rufiventris Ashmead, 1896

17. Ceroptres snellingi Lyon, 1996

Cynipini
Figs 70-72

Diagnosis. Pronotum distinctly short and narrow dorsomedially, without dis-
tinct plate or pits. Scutellar foveae usually distinct. Mesopleuron usually with-
out broad crenulate impression. Female hypopygium only very rarely plow-
share-shaped; only so in Protobalandricus Melika, Nicholls & Stone, 2018, in
which the mesopleuron is entirely smooth and therein readily separable from
Diplolepis Geoffroy, 1762 (Cuesta Porta, pers. comm. 13 Feb 2024).

Note. Cynipini is represented by an estimated 680 North American species
that induce galls primarily on Quercus (Fagaceae) (Melika et al. 2021). Addi-
tional host genera known are Castanea Mill., Chrysolepis Hjelmg., and Notho-
lithocarpus Manos, Cannon, & S.H. Oh (Buffington and Morita 2009). Genera
belonging to Cynipini are not keyed in the present work due to the presence of
several highly unstable genera that prohibit clear morphological recognition,
although recent studies (e.g., Melika et al. 2021) have made taxonomic chang-
es that greatly ease this burden. Further revisionary studies will continue to
stabilize genera in the Cynipini, and a key to Cynipini will be published when
possible. Relevant keys for Cynipini include Weld (1952), Zimmerman (2018),
and Melika et al. (2021), but these works are partial in their taxon coverage or
do not align well with current taxonomic hypotheses.

Diastrophini
Figs 73-75,92-94

Diagnosis. Pronotum tall and broad dorsomedially. Pronotal submedial pits
distinct and well-impressed. Pronotal plate present and complete, distinct both
dorsally and ventrally. Mesopleuron sculpture striate or smooth and shining.
Mesoscutellar foveae distinct. Fore wing with marginal cell entirely open or en-
tirely closed, never partially open. Wings often with darkened areas, especially
around the marginal cell. Metatarsal claws always with basal lobe. Metaso-
mal tergites 2 and 3 either free and articulate, or fused into a syntergite in
some females.

Note. Diastrophini includes 25 described North American species in three
genera: Diastrophus Hartig, 1840, Periclistus Forster, 1869, and Synophromor-
pha Ashmead, 1903 (Nastasi and Deans 2021). The North American mem-
bers of this tribe are gall inducers on various Rosaceae or inquilines in the
galls of Diastrophus Hartig, 1840 or Diplolepis Geoffroy, 1762 (Nastasi and
Deans 2021).
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Figures 70-72. 70 Dryocosmus kuriphilus, lateral view (USNMENT01231861) 71 Andricus quercuscalifornicus, lateral
view (USNMENTO01231839) 72 Phylloteras sp., lateral view (USNMENT01231835).

Figures 73-75. 73 Diastrophus kincaidii, lateral view (PSUC_FEM 000251280) 74 Periclistus sp., lateral view (PSUC_FEM
000250920) 75 Synophromorpha sp., lateral view (PSUC_FEM 000250918).
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Diastrophus Hartig, 1840

Type species. Cynips rubi Bouché, 1834.

Diagnosis. Mesoscutum generally weakly sculptured and without abundant
strong setigenous punctures. Notauli complete and strong throughout. Meso-
pleuron sculpture smooth to striate. Fore wing with marginal cell open. Metaso-
ma never with syntergite.

Note. Diastrophus contains 14 North American species (Nastasi and Deans
2021). Many species induce galls on Rubus L., although the herbaceous genera
Fragaria L. and Potentilla L. are also used. Diastrophus smilacis Ashmead, 1896
and its supposed inquiline, Periclistus smilacis Ashmead, 1896, were previously
believed to be associated with Smilax L., making D. smilacis the only cynipid
known to induce galls on a monocot plant (Gates et al. 2020). However, Gates
et al. conclude that this association was erroneous, and the true gall inducer on
Smilax is in fact a eulophid wasp (Chalcidoidea: Aprostocetus smilax Gates &
Zhang). The biological associations of Diastrophini therein are still atypical as
Periclistus inquilines are generally associated with the tribe Diplolepidini. Our
own examination of the type material of D. smilacis and P. smilacis (deposited
in the USNM) confirm that they are indeed placed in the appropriate genera,
although the status of either species and their biological relationships remain
suspect and require further investigation.

Galls of Diastrophini (Figs 92—-94) can be collected for rearing in the fall, winter,
or spring. As in Aulacideini, galls on herbaceous hosts are best collected after host
plants have senesced, and adults of all Diastrophus emerge in spring and summer.

North American species (Nastasi and Deans 2021):

. Diastrophus austrior Kinsey, 1922

. Diastrophus bassettii Beutenmiiller, 1892

. Diastrophus cuscutaeformis Osten Sacken, 1863
. Diastrophus fragariae Beutenmiiller, 1915

. Diastrophus fusiformans Ashmead, 1890

. Diastrophus kincaidii Gillette, 1893

. Diastrophus nebulosus (Osten Sacken, 1861)
. Diastrophus niger Bassett, 1900

9. Diastrophus piceus Provancher, 1886

10. Diastrophus potentillae Bassett, 1864

11. Diastrophus radicum Bassett, 1870

12. Diastrophus smilacis Ashmead, 1896

13. Diastrophus tumefactus Kinsey, 1920

14. Diastrophus turgidus Bassett, 1870

ook~ WN =

Periclistus Forster, 1869

Type species. Aylax caninae Hartig, 1840.

Diagnosis. Mesoscutum generally coarsely sculptured, usually densely pu-
bescent, and with abundant strong setigenous punctures. Notauli incomplete,
indistinct at least in anterior third, and weaker throughout. Fore wing with
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marginal cell closed. Metasoma with syntergite in females but with all tergites
free and articulating in males.

Note. Periclistus contains seven North American species, all of which are
inquilines of Diplolepis Geoffroy inducing galls on species of Rosa L., except
for P smilacis Ashmead (see treatment of Diastrophus Hartig). The diversity of
this genus is not well understood; Ritchie (1984) treated ten Nearctic species in
his unpublished thesis including six new species, but a recent DNA barcoding
study (Zhang et al. 2019) revealed the presence of two undescribed Nearctic
species. More broadly, future study is needed to investigate host associations,
especially given the presence of undescribed species.

North American species (Nastasi and Deans 2021):

. Periclistus arefactus McCracken & Egbert, 1922
. Periclistus californicus Ashmead, 1896

. Periclistus obliquus Provancher, 1888

. Periclistus piceus Fullaway, 1911

. Periclistus pirata (Osten Sacken, 1863)

. Periclistus semipiceus (Harris, 1841)

. Periclistus smilacis Ashmead, 1896

No oab~howN =

Synophromorpha Ashmead, 1903

Type species. Synophrus sylvestris Osten Sacken, 1861.

Diagnosis. Mesoscutum generally less coarsely sculptured, appearing most-
ly or entirely coriaceous, less pubescent, and with some strong setigenous
punctures. Notauli complete, strong throughout. Fore wing with marginal cell
open. Metasoma with syntergite in females but with all tergites free and artic-
ulating in males.

Note. Synophromorpha is represented by four species in North America, all
of which are inquilines of Diastrophus species associated with Rubus L. Ritchie
and Shorthouse (1987) described the species S. kaulbarsi Shorthouse & Ritchie,
1987 from a single specimen collected in Mexico; they speculated that this
species was evidence of undiscovered Mexican Diastrophus or represented the
use of an alternative host such as an oak gall wasp.

North American species (Nastasi and Deans 2021):

1. Synophromorpha kaulbarsi Ritchie & Shorthouse, 1987
2. Synophromorpha rubi Weld, 1952

3. Synophromorpha sylvestris (Osten Sacken, 1861)

4. Synophromorpha terricola Weld, 1952

Diplolepis Geoffroy, 1762 (Diplolepididae: Diplolepidinae)
Figs 76—79, 90, 91

Type species. Cynips rosae Linnaeus, 1758.
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Diagnosis. Pronotum distinctly short and narrow dorsomedially, without
distinct plate or pits. Scutellar foveae faint or absent, never distinct and well
impressed. Mesopleuron with broad crenulate medial impression. Female hy-
popygium plowshare-shaped.

Note. Diplolepidinae includes 34 described North American species in Diplolepis
Geoffroy which induce structurally diverse galls (Figs 90, 91) on Rosa (Rosaceae)
and are widely distributed in the US and Canada (Nastasi and Deans 2021). Recent
phylogenomic studies (Blaimer et al. 2020; Hearn et al. 2023) showed that the tribe
Diplolepidini clustered together with Pediaspidini outside of the core Cynipidae,
causing Cynipidae to form a paraphyletic grade at the base of Cynipoidea. Hearn
et al. (2023) raised the former tribe Diplolepidini to subfamily rank (Diplolepidinae)
within the family Diplolepididae. All other taxa treated here remain in the Cynipidae.

North American species (Nastasi and Deans 2021):

. Diplolepis arefacta (Gillette, 1894)

. Diplolepis ashmeadi (Beutenmdiller, 1918)

. Diplolepis bassetti (Beutenmiiller, 1918)

. Diplolepis bicolor (Harris, 1841)

. Diplolepis californica (Beutenmdiller, 1914)

. Diplolepis dichlocera (Harris, 1841)

. Diplolepis fulgens (Gillette, 1894)

. Diplolepis fusiformans (Ashmead, 1890)

. Diplolepis gracilis (Ashmead, 1897)

. Diplolepis ignota (Osten Sacken, 1863)

. Diplolepis inconspicuis Dailey & Campbell, 1973
. Diplolepis lens Weld, 1952

. Diplolepis mayri (Schlechtendal, 1877)

. Diplolepis nebulosa (Bassett, 1890)

. Diplolepis neglecta (Gillette, 1894)

. Diplolepis nervosa (Curtis, 1838)

. Diplolepis nodulosa (Beutenmiiller, 1909)

. Diplolepis oregonensis (Beutenmiiller, 1918)

. Diplolepis ostensackeni (Beutenmidiller, 1918)
. Diplolepis polita (Ashmead, 1890)

. Diplolepis pustulatoides (Beutenmdiller, 1914)
. Diplolepis radicum (Osten Sacken, 1863)

. Diplolepis rosae (Linnaeus, 1758)

. Diplolepis rosaefolii (Cockerell, 1889)

. Diplolepis similis (Ashmead, 1896)

. Diplolepis spinosa (Ashmead, 1887)

. Diplolepis terrigena Weld, 1952

. Diplolepis triforma Shorthouse & Ritchie, 1984
. Diplolepis tuberculator (Cockerell, 1888)

. Diplolepis tuberculosa (Osten Sacken, 1861)
. Diplolepis tumida (Bassett, 1890)

. Diplolepis variabilis (Bassett, 1890)

. Diplolepis verna (Osten Sacken, 1863)

. Diplolepis weldi (Beutenmidiller, 1913)

ook~ WN =
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| 1mm
Figures 76-79. 76 Diplolepis bicolor, lateral view (USNMENT01231831) 77 Diplolepis bicolor, lateral view (USN-
MENTO01231831) 78 Diplolepis bicolor, dorsal view (USNMENT01231831) 79 Diplolepis rosae, fore wing (USN-
MENT00655959).

Phanacis Forster, 1860 (Phanacidini)
Figs 80-82, 95

Type species. Parapanteliella eugeniae Diakontschuk, 1981.

Diagnosis. Pronotum tall and broad dorsomedially. Pronotal submedial pits
rather indistinct and poorly impressed, appearing as a narrow linear impression
rather than distinct ovular pits. Pronotal plate present, usually only distinct in
anterior half of pronotum. Mesopleuron sculpture reticulate. Mesoscutellar fo-
veae distinct. Fore wing with marginal cell partially open, with vein R1 reaching
anterior margin of fore wing and continuing along wing margin but not meeting
vein Rs. Wings always hyaline, never tinted or with darkened areas. Metatarsal
claws without basal lobe. Metasomal tergites 2 and 3 free and articulate, never
with a syntergite.

Note. Phanacidini includes two North American species, both in Phanacis
Forster, which have been introduced along with their host plants (Nastasi and
Deans 2021). Phanacis hypochoeridis (Kieffer, 1887) induces galls on Hypo-
chaeris radicata L. and is apparently restricted to the western United States
(Nastasi and Deans 2021). The other species, P. taraxaci (Ashmead, 1897), in-
duces galls on Taraxacum officinale F. H. Wigg. (Fig. 95) and is widespread in
eastern North America (Nastasi and Deans 2021).

North American species (Nastasi and Deans 2021):

1. Phanacis hypochoeridis (Kieffer, 1887)
2. Phanacis taraxaci (Ashmead, 1897)
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Figures 80-82. 80 Phanacis sp., anterodorsal view (USNMENTO01448498) 81 Phanacis sp., wings (USNMENT01231855)
82 Phanacis sp., lateral view (USNMENT01231855).

Synergus Hartig, 1840 (Synergini)
Figs 83-86

Type species. Synergus vulgaris Hartig, 1840.

Diagnosis. Pronotum tall and broad dorsomedially. Pronotal submedial pits
distinct and well-impressed. Pronotal plate present but mostly indistinct. Me-
soscutellar foveae usually distinct. Fore wing always with marginal cell closed
(apparently only partly closed in Synergus mexicanus Gillette, 1896; see Pu-
jade-Villar et al. 2015). Metatarsal claws with or without basal lobe. Metasoma
with syntergite, with second and third tergites entirely fused, greatly enlarged,
and occupying most of metasoma. Body generally strongly sculptured.

Note. Sixty-one species of Synergus are known from North America (Nastasi
and Deans 2021). Members of Synergus Hartig are inquilines of galls induced
by Cynipini on oaks (Buffington et al. 2020). Synergus are extremely commonly
reared and are known in association with hundreds of oak gall wasps (Nastasi
and Deans 2021; Ward et al. 2022). Synergus is demonstrably polyphyletic, with
North American taxa forming as many as three independent clades and many un-
described species exist (Pénzes et al. 2012; Lobato-Vila and Pujade-Villar 2021;
Lobato-Vila et al. 2022), meaning a great deal of revisionary work will be needed
to resolve major questions within the genus and better understand its diversity.

The genus Saphonecrus Dalla Torre & Kieffer (Tribe Synergini) has long been
considered present in North America, but recent taxonomic work refutes this idea.
Nastasi and Deans (2021) reported two species: S. favanus Weld and S. gemmariae
(Ashmead). Saphonecrus gemmariae was reported in error as the species was con-
sideredincertae sedis by Lobato-Vila et al. (2022) due to missing type material which
was supposedly deposited in the National Museum of Natural History (USA, D.C.).
Upon our own examination of the USNM collection, we were unable to locate the
relevant type material. Similarly, the status of S. favanus is also questionable (Pénz-
es et al. 2009; Pénzes et al. 2012; Lobato-Vila and Pujade-Villar 2021); this species
may represent a new genus distinct from other Synergini (Lobato-Vila et al. 2022).
As such, we consider the presence of Saphonecrus in North America doubtful and
have omitted Saphonecrus from the above key. We have examined type material of
S. favanus deposited in USNM (specimen # USNMENT960420 and three additional
individuals) and found that in the key to genera, the specimens key to Synergus,
bearing no strong distinction from this genus. The taxonomy of the tribe Synergini
as a whole is currently uncertain, and ongoing efforts to revise it will likely result in
a stronger understanding of the North American fauna (Lobato-Vila et al. 2022).
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Figures 83-86. 83 Synergus sp., lateral view (PSUC_FEM 000079457) 84 Synergus incisus, dorsal view (USN-
MENTO01231859) 85 Synergus lignicola, anterior view (USNMENTO01448497) 86 Synergus sp., metasoma, lateral view
(USNMENT01231858).

North American species (Nastasi and Deans 2021):

1. Synergus agrifoliae Ashmead, 1896

2. Synergus ashmeadi Lobato-Vila & Pujade-Villar, 2021

3. Synergus aurofacies Lobato-Vila & Pujade-Villar, 2020

4. Synergus atra Gillette, 1896

5. Synergus atripennis Ashmead, 1896

6. Synergus atripes Gillette, 1896

7. Synergus batatoides Ashmead, 1885

8. Synergus bellus McCracken & Egbert, 1922

9. Synergus beutenmulleri Lobato-Vila & Pujade-Villar, 2021
10. Synergus brevicornis Ashmead, 1896

11. Synergus bicolor Ashmead, 1885

12. Synergus campanula Osten Sacken, 1865

13. Synergus castanopsidis (Beutenmdiller, 1918)

14. Synergus cibriani Lobato-Vila & Pujade-Villar, 2017

15. Synergus citriformis (Ashmead, 1885)

16. Synergus compressus Lobato-Vila & Pujade-Villar, 2021
17. Synergus confertus McCracken & Egbert, 1922

18. Synergus coniferae Ashmead, 1885
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19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

Synergus digressus McCracken & Egbert, 1922
Synergus dimorphus Osten Sacken, 1865

Synergus distinctus McCracken & Egbert, 1922
Synergus diversicolor Lobato-Vila & Pujade-Villar, 2021
Synergus dorsalis (Provancher, 1888)

Synergus duricorius Gillette, 1896

Synergus ebenus Lobato-Vila & Pujade-Villar, 2021
Synergus equihuai Pujade-Villar & Lobato-Vila, 2016
Synergus erinacei Gillette, 1896

Synergus estradae Pujade-Villar & Lobato-Vila, 2016
Synergus ficigerae Ashmead, 1885

Synergus filicornis Cameron, 1883

Synergus flavens McCracken & Egbert, 1922

Synergus forcadellae Lobato-Vila & Pujade-Villar, 2020
Synergus gilletti Pujade-Villar & Lobato-Vila, 2017
Synergus grahami Lobato-Vila & Pujade-Villar, 2019
Synergus incisus Gillette, 1896

Synergus laeviventris (Osten Sacken, 1861)

Synergus lignicola (Osten Sacken, 1862)

Synergus linnei Lobato-Vila & Pujade-Villar, 2021
Synergus longimalaris Pujade-Villar & Lobato-Vila, 2017
Synergus longiscapus Pujade-Villar & Lobato-Vila, 2017
Synergus macrackenae Lobato-Vila & Pujade-Villar, 2021
Synergus medullae Ashmead, 1885

Synergus mendax Walsh, 1864

Synergus mexicanus Gillette, 1896

Synergus nigroornatus McCracken & Egbert, 1922
Synergus oaxaquensis Lobato-Vila & Pujade-Villar, 2021
Synergus obtusilobae (Ashmead, 1885)

Synergus ochreus Fullaway, 1911

Synergus oneratus (Harris, 1841)

Synergus pacificus McCracken & Egbert, 1922
Synergus personatus Lobato-Vila & Pujade-Villar, 2021
Synergus pomiformis Ashmead, 1885

Synergus pseudofilicornis Lobato-Vila & Pujade-Villar, 2018
Synergus punctatus Gillette, 1896

Synergus quercuslana (Fitch, 1859)

Synergus reniformis McCracken & Egbert, 1922
Synergus ruficephalus Lobato-Vila & Pujade-Villar, 2021
Synergus rutulus McCracken & Egbert, 1922

Synergus shorthousei Lobato-Vila & Pujade-Villar, 2019
Synergus stelluli Burnett, 1976

Synergus stratifrons Pujade-Villar & Lobato-Vila, 2017
Synergus succinipedis (Ashmead, 1885)

Synergus tenebrosus Lobato-Vila & Pujade-Villar, 2019
Synergus villosus Gillette, 1891

Synergus virentis (Ashmead, 1885)

Synergus walshii Gillette, 1896

Synergus weldi Lobato-Vila & Pujade-Villar, 2021
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Figures 87-95. 87 galls of Antistrophus pisum on stem of Lygodesmia juncea (Asteraceae: Cichorieae), photographed
by Chris Friesen (https://www.inaturalist.org/observations/95588437) 88 galls of Antistrophus rufus in dissected stem
of Silphium laciniatum (Asteraceae: Heliantheae), photographed by Andy Deans (https://www.inaturalist.org/observa-
tions/64708490) 89 gall of Antistrophus silphii on apical stem of Silphium integrifolium (Asteraceae: Heliantheae), pho-
tographed by Andy Deans (https://www.inaturalist.org/observations/64708191) 90 galls of Diplolepis polita on leaves of
Rosa sp. (Rosaceae: Roseae), photographed by Garth Harwood (https://www.inaturalist.org/observations/165442438)
91 gall of Diplolepis californica on Rosa sp. (Rosaceae: Roseae), photographed by Mary K. Hanson (https://www.inatural-
ist.org/observations/115655737) 92 gall of Diastrophus potentillae on Potentilla simplex (Rosaceae: Potentilleae), photo-
graphed by Tom Murray (https://www.inaturalist.org/observations/134669544) 93 gall of Diastrophus nebulosus on stem
of Rubus sp. (Rosaceae: Rubeae), photographed by Pam Curtin (https://www.inaturalist.org/observations/174007397)
94 galls of Diastrophus kincaidii on stems of Rubus parviflorus (Rosaceae: Rubeae), photographed by Adam Heikkila
(https://www.inaturalist.org/observations/173314109) 95 galls of Phanacis taraxaci on petiole of Taraxacum officinale
(Asteraceae: Cichorieae), photographed by Nathan Earley (https://www.inaturalist.org/observations/174118397).
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Abstract

Two new species allied to Cnemaspis galaxia are described from the eastern slopes of
the south Western Ghats, Tamil Nadu, India. Both new species are members of the orna-
ta subclade within the beddomei clade. The two new species can be easily distinguished
from all other members of the beddomei clade and each other by a combination of non-
overlapping morphological characters such as small body size, distinct colouration of
both sexes, the number of dorsal tubercles around the body, the number or arrangement
of paravertebral tubercles, the number of midventral scales across the belly and longitu-
dinal ventral scales from mental to cloaca, besides uncorrected pairwise ND2 and 16S
sequence divergence of = 7.4% and = 2.7%. The two new species are distributed from
low elevation, deciduous forests of Srivilliputhur, and add to the five previously known
endemic vertebrates from Srivilliputhur-Megamalai Tiger Reserve.

Key words: Asia, biodiversity hotspot, dwarf geckos, integrative taxonomy, phylogeny,
species complex

Introduction

The beddomei clade is the only clade of South Asian Chnemaspis restricted to the
southern Western Ghats (Cyriac et al. 2018; Sayyed et al. 2019, 202343, b; Pal et
al. 2021). All members of the beddomei clade are brightly coloured in life and
the first two species were described more than 150 years ago (Beddome 1870;
Theobald 1876; Cyriac et al. 2018; Sayyed et al. 2019, 20234, b; Pal et al. 2021,
Khandekar et al. 2022). However, this clade was only recently sampled and rec-
ognised in a molecular phylogeny of South Asian Cnemaspis (Pal et al. 2021).
As currently understood, the beddomei clade began diversifying in the Eocene
and includes 16 described species, distributed from scrub to evergreen forests
on the eastern and western slopes of the Western Ghats south of the Palghat
Gap (Cyriac et al. 2018; Sayyed et al. 2019, 20234, b; Pal et al. 2021; Khandekar
et al. 2022). The clade is made up of three deeply divergent, well-supported sub-
clades — the anamudiensis subclade with three species, C. anamudiensis Cyriac,
Johny, Umesh & Palot, 2018, C. nimbus Pal, Mirza, Dsouza & Shanker, 2021, and

209



Akshay Khandekar et al.: Two new Cnemaspis from the eastern slopes of the Southern Western Ghats

C. wallaceii Pal, Mirza, Dsouza & Shanker, 2021; the beddomei subclade with four
species, C. beddomei (Beddome, 1870), C. maculicollis Cyriac, Johny, Umesh &
Palot, 2018, C. smaug Pal, Mirza, Dsouza & Shanker, 2021, and C. rubraoculus
Pal, Mirza, Dsouza & Shanker, 2021; and the ornata subclade with nine species,
C. ornata (Beddome, 1870), C. aaronbaueri Sayyed, Grismer, Campbell & Dileep-
kumar, 2019, C. azhagu Khandekar, Thackeray & Agarwal, 2022, C. galaxia Pal,
Mirza, Dsouza & Shanker, 2021, C. nairi Inger, Marx & Koshy, 1984, C. nigriven-
tris Pal, Mirza, Dsouza & Shanker, 2021, C. regalis Pal, Mirza, Dsouza & Shanker,
2021, C. rashidi Sayyed et al., 2023, and C. sundara Sayyed et al., 2023 (Cyriac
et al. 2018; Sayyed et al. 2019, 202343, b; Pal et al. 2021; Khandekar et al. 2022).

The most diverse of the three subclades of the beddomei clade is the orna-
ta subclade which includes nine valid species distributed from low elevations
on the eastern slopes to high elevations (~ 200-1000+ m a.s.l.) in the West-
ern Ghats south of Srivilliputhur (Fig. 1). Most species are low to mid eleva-
tion (~ 200-700 m a.s.l.) and are distributed on the eastern slopes as well
as through some low passes onto the western slopes, and only C. ornata and
the recently described C. rashidi are high elevation species found at elevations
> 1,000 m a.s.l. (Sayyed et al. 20233, b). Members of the ornata subclade are all
strongly sexually dichromatic, diurnal, and scansorial, found on rocks, buildings
and occasionally trees (Sayyed et al. 2019, 20234, b; Pal et al. 2021; Khandekar
et al. 2022). Seven of these species have been described since 2019, suggest-
ing the diversity of this subclade is still incompletely known (Sayyed et al. 2019,
20234, b; Pal et al. 2021; Khandekar et al. 2022).

As part of a project on the lizards of Tamil Nadu, we surveyed the southern
Western Ghats from 2018-2022, specifically targeting known species of Cne-
maspis as well as potential habitats that had not been previously sampled. We
were able to collect most described species of the ornata subclade as well
as multiple unnamed divergent lineages, two of which were subsequently de-
scribed as C. rashidi and C. sundara (Sayyed et al. 20234, b). In this paper, we
provide molecular data from new localities for C. galaxia, C. nairi, C. nigriventris,
C. rashidi, and C. sundara and describe two new species allied to C. galaxia. We
also provide a brief note on the Code of Ethics and how it is rarely followed in
the Indian context, and call for more collaborative research.

Materials and methods
Taxon sampling

Surveys were conducted in the early morning until a few hours after dark, spec-
imens were observed on rocks, tree trunks, and collected by hand, followed
by euthanasia using isoflurane after taking colour photos in life. Liver or tail
tissues of at least two individuals of each new species/per locality were col-
lected in molecular grade ethanol and subsequently stored at =20 °C for ge-
netic analysis. Specimens were fixed in 8% formalin for ~ 12-24 h, washed
and kept in tap water for ~ 24 h, and transferred to 70% ethanol for long-term
storage. Collection permit was issued by the Tamil Nadu Forest Department
(see acknowledgements), and collection protocols cleared by an inhouse eth-
ics committee. Specimens are deposited in the Museum and Research Collec-
tion Facility at National Centre for Biological Sciences, Bengaluru (NRC-AA).
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Figure 1. Maximum likelihood phylogeny of the beddomei clade (ND2 + 16S concatenated, 1610 base pairs) with pho-
tographs of the new species and C. galaxia (not to scale); numbers at nodes represent bootstrap support/ posterior
probability > 70/0.99 (not shown close to terminal nodes). Inset, elevation map of the southern Western Ghats showing
type and sampled localities for the ornata subclade.

Molecular data and analyses

We generated new sequences for 25 individuals representing five known spe-
cies and three divergent lineages of the ornata subclade from ~ 18 localities
(Fig. 1, Table 1). We targeted two mitochondrial genes that have been used
in Indian Cnemaspis phylogenies, the protein coding ND2 and the large ribo-
somal subunit (16S). We extracted DNA from liver or tail-tips using the Qia-
gen DNeasy Blood and Tissue Extraction kit. We used the Macey et al. (1997)
primers L4437 and H5934 to PCR amplify ND2 with L4437 and H5540 used for
sequencing, and 16SA and 16SB (Palumbi et al. 1991) to amplify and sequence
16S; with PCR and sequencing outsourced to Barcode Biosciences, Bangalore.
We combined the new sequences with published sequences for the beddomei
clade using members of the wynadensis clade as outgroups (Table 1; Pal et al.

ZooKeys 1196: 209-242 (2024), DOI: 10.3897/z00keys.1196.117947 211



Akshay Khandekar et al.: Two new Cnemaspis from the eastern slopes of the Southern Western Ghats

2021; Khandekar et al. 2022; Sayyed et al. 20234, b). Sequences were aligned
in MEGA 5.2 (Tamura et al. 2011) using CLUSTALW (Thompson et al. 1994)
with default settings. The ND2 sequences were translated to amino acids to
check for erroneous stop codons, which were absent, confirming we had se-
quenced the targeted mitochondrial protein coding gene. Pairwise uncorrected
sequence divergence was calculated in MEGA 5.2 using the pairwise deletion
option for each marker. We reconstructed phylogenetic relationships for the
ND2 and 16S data separately (not shown as both mitochondrial markers were
largely congruent) as well as in a concatenated analysis, using Maximum Like-
lihood (ML) in RaXML HPC 8.2.12 (Stamatakis 2014) and Bayesian Inference
(BI) in MrBayes 3.2.7 (Ronquist and Huelsenbeck 2003). The best-fit models of
sequence evolution and partitioning scheme were selected using the Bayes-
ian Inference Criteria in PartitionFinder 2 (Lanfear et al. 2016) with the greedy
algorithm (Lanfear et al. 2012) and RaxML (Stamatakis 2014). Three parti-
tions were selected for each codon position of ND2 and one for 16S with the
GTR+I+G model for codon position 1 and 16S and GTR+G for the other two co-
don positions. ML analyses employed 10 independent runs and 1000 non-para-
metric bootstraps (BS) to assess support. Partitioned Bl analyses had param-
eters unlinked across partitions, four chains each (one cold and three hot) with
two parallel runs with 1,000,000 generations sampled every 100 generations
and convergence determined based on standard deviation of split frequencies
(<< 0.01) and examination of ESS scores (> 200). The sumt function was used
to build a consensus tree after removing the first 25% of trees as burn-in, with
support assessed using posterior probability (PP) of each node.

Table 1. Sequences used in this study. Museum abbreviations are as follows: BNHS, Bombay Natural History Society,

Mumbai; CESL, Centre for Ecolo

gical Sciences, Bangalore; NRCAA, National Centre for Biological Sciences, Bangalore;

AK/ AK-R, Akshay Khandekar field series; AS, Amit Sayyed field series. All from India; KL = Kerala, MH = Maharashtra,

TN = Tamil Nadu.

Species Voucher Locality ND2 16S Subclade
Cnemaspis aaronbaueri AS 214 KL: Kollam District, Thenmala OR714926 A OR708521 ornata
C. azhagu NRC-AA1171 TN: Tirunelveli District, Thirukurungudi range - PP382789 ornata
C. azhagu NRC-AA1172 TN: Tirunelveli District, Thirukurungudi range ON494554 | PP382790 ornata
C. galaxia AK-R 1323 TN: Virudhunagar District, Shenbaga Thopu PP387688 | PP382791 ornata
C. galaxia AK-R 1324 TN: Virudhunagar District, Shenbaga Thopu PP387689 | PP382792 ornata
C. galaxia AK-R 1422 TN: Virudhunagar District, Vyankateshpuram RF PP387690 | PP382793 ornata
C. galaxia AK-R 1428 TN: Virudhunagar District, Shenbaga Thopu - PP382794 ornata
C. galaxia AK-R 1470 TN: Virudhunagar District, Atti Kovil falls PP387691 | PP382795 ornata
C. galaxia AK-R 1471 TN: Virudhunagar District, Atti Kovil falls PP387692 | PP382796 ornata
C. galaxia AK-R 1473 TN: Virudhunagar District, Atti Kovil falls PP387693 | PP382797 ornata
C. galaxia CESL 511 TN: Virudhunagar District, Shenbaga Thopu MZ701818 | MZ291589 ornata
C. nairi AK-R 894 TN: Tenkasi District, Courtallam PP387700 | PP382804 ornata
C. nairi AK-R 895 TN: Tenkasi District, Courtallam PP387701 | PP382805 ornata
C. nairi CESL 712 KL: Kollam District, Shendurney - MZ291607 ornata
C. nairi CESL 715 KL: Kollam District, Shendurney - MZ291608 ornata
C. nigriventris AK-R 1265 TN: Tenkasi District, Courtallam PP387702 | PP382806 ornata
C. nigriventris AK-R 1275 TN: Tenkasi District, Courtallam PP387703 | PP382807 ornata
C. nigriventris CESL 264 KL: Kollam District, Achankovil RF MZ291609 | MZ701808 ornata
C. nigriventris CESL 265 KL: Kollam District, Achankovil RF MZ291610 - ornata
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Voucher Locality ND2 16S Subclade
CESL 276 TN: Tirunelveli District, Devarmalai Hills MZ701809 | MZ291613 ornata
AK-R 1439 TN: Virudhunagar District, Srivilliputhur-Megamalai Tiger PP387704 | PP382808 ornata

Reserve, higher elevations of Shenbaga Thopu
AK-R 1440 TN: Virudhunagar District, Srivilliputhur-Megamalai Tiger PP387705 | PP382809 ornata
Reserve, higher elevations of Shenbaga Thopu
AK-R 1692 TN: Theni District, Srivilliputhur-Megamalai Tiger Reserve, PP387706 | PP382810 ornata
Vellimalai
AK-R 1693 TN: Theni District, Srivilliputhur-Megamalai Tiger Reserve, PP387707 | PP382811 ornata
Vellimalai
AS 226 TN: Virudhunagar District, Kottamalai estate OR714921 - ornata
AS 228 TN: Virudhunagar District, Kottamalai estate OR714922 - ornata
CESL 487/ 488 | TN: Tirunelveli District, Kalakad Mundanthurai Tiger Reserve | MZ701816/ MZ291615 ornata
MZ701817
AK-R 1510 TN: Virudhunagar District, Sathuragiri Hills PP387694 | PP382798 ornata
AK-R 1511 TN: Virudhunagar District, Sathuragiri Hills PP387695 | PP382799 ornata
AK-R 1254 TN: Tenkasi District, Mohan's resort PP387708 - ornata
AK-R 1266 TN: Tenkasi District, Mohan's resort PP387709 - ornata
BNHS 2916 TN: Tenkasi District, Mekkarai OR714924 - ornata
BNHS 2917 TN: Tenkasi District, Mekkarai OR714925 - ornata
AK-R 1351 TN: Virudhunagar District, Srivilliputhur-Megamalai Tiger PP387696 | PP382800 ornata
reserve, Ayyanar Kovil,
AK-R 1352 TN: Virudhunagar District, Srivilliputhur-Megamalai Tiger PP387697 | PP382801 ornata
reserve, Ayyanar Kovil,
AK-R 1373 TN: Virudhunagar District, Srivilliputhur-Megamalai Tiger PP387698 | PP382802 ornata
reserve, Settur RF
AK-R 1374 TN: Virudhunagar District, Srivilliputhur-Megamalai Tiger PP387699 @ PP382803 ornata
reserve, Settur RF

CESL 232 KL: Idukki District MZ701805 MZ291574 anamudiensis
CESL 252 KL: Idukki District, Mathikettan Shola NP MZ701807 MZ291612 | anamudiensis
CESL 377 TN: Coimbatore District, Anaimalai, Andiparai Shola MZ701813 | MZ291619 | anamudiensis
CESL 379 TN: Tirunelveli District, Kalakkad-Mundanthurai Tiger Reserve = MZ701814  MZ291581 beddomei
CESL 709 KL: Kollam District, Shendurney WLS MZ701825 MZ291582 beddomei
CESL 114 KL: Idukki District, Periyar Tiger Reserve ON494559 H MZ291616 | beddomei
CESL 251 KL: Idukki District, Mathikettan Shola NP MZ701806 MZ291618 beddomei
CESL 624 KL: Kozhikode District, Chengodumala MZ701822 | MZ291584 | wynadensis
CESL 868 MH: Sindhudurg District, Amboli MZ701829 | MZ291599 | wynadensis
CESL 630 KL: Wayanad District, Wayanad MZ701823 | MZ291620 | wynadensis

Morphological and meristic data

We restricted morphological comparisons to the beddomei clade (see Results).
Morphological data were collected from 12 specimens of the two new spe-
cies and from 42 specimens of the beddomei clade including type material of
C. azhagu, C. nimbus, C. smaug, and C. wallaceii; type as well as topotypic and/
or additional materials for C. galaxia, C. nigriventris, C. regalis, and C. rubraoculus;
and additional materials for C. beddomei, C. nairi, C. rashidi, and C. sundara (all
listed in Appendix 1). Data for remaining four species— C. aaronbaueri, C. anamu-
diensis, C. maculicollis, and C. ornata (as well as C. boiei which is incertae sedis
within Cnemaspis) were obtained from published literature (Manamendra-Arach-
chi et al. 2007; Cyriac et al. 2018; Sayyed et al. 2019; Pal et al. 2021). Meristic
counts and measurements were taken under a ZEISS Stemi 305 stereo dissect-
ing microscope by AK on the right side of the body where possible. Colour pattern
was recorded from photographs taken in life. All measurements were taken with
a Mitutoyo digital vernier calliper (to the nearest 0.1 mm). Mensural, meristic,
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and additional morphological character state evaluation is in accordance with
Khandekar et al. (2019, 2024): snout vent length (SVL), tail length (TL), tail width
(TW), forearm length (FL), crus length (CL), axilla to groin length (AGL), body
height (BH), body width (BW), head length (HL), head width (HW), head depth
(HD), eye diameter (ED), eye to ear distance (EE), eye to snout distance (ES), eye
to nares distance (EN), internarial distance (IN), interorbital distance (10), and ear
length (EL); meristic data recorded for all specimens were number of supralabi-
als (SL), infralabials (IL), supralabials at midorbital position (SL M), infralabials
at midorbital position (IL M), paravertebral tubercles (PVT), dorsal tubercle rows
(DTR), midventral scale rows across the belly (MVSR), ventral scales (VS), preclo-
acal pores (PP), poreless scales between precloacal pores (SB PP), postcloacal
tubercles (PCT), traverse distal subdigital lamellae on manus: digit 1 (DLAMF1),
digit 4 (DLAMF4), on pes: digit 1 (DLAMT1), digit 4 (DLAMT4), and digit 5
(DLAMTS5); traverse basal subdigital LAMellae on manus: digit 1 (BLAMF1), digit
4 (BLAMF4), on pes: digit 1 (BLAMT1), digit 4 (BLAMT4), and digit 5 (BLAMT5);
total LAMellae (TLAMF1, TLAMF4, TLAMT1, TLAMT4, and TLAMTS5). We follow
Agarwal et al. (2020) for body size categories (SVL) for South Asian Cnemaspis
(small bodied < 40 mm, medium-bodied 40—-49 mm, large-bodied = 50 mm).

Results
Phylogenetic relationships

We recovered the three subclades of the beddomei clade, anamudiensis, bed-
domei, and ornata, each of which received high support (Fig. 2; BS > 95, PP 1;
Fig. 1). The two undescribed lineages fall within the ornata subclade and form a
well-supported clade (BS 100, PP 1) together with C. galaxia. The two lineages
have an uncorrected ND2 p-distance of 10.7% between each other (2.7% on
16S),7.4-10.1% (3.1-3.4% 16S) from C. galaxia, and = 15.6% (= 7.8% 16S) from
all other members of the clade (Table 2). The lowest uncorrected ND2 p-dis-
tance between previously described species of the ornata subclade is 6.3%
(2.2% 16S) between C. nairi and C. nigriventris. We describe the two genetically
divergent lineages as new species below.

Table 2. Uncorrected % sequence divergence within the C. ornata subclade of the beddomei clade. Above diagonal, 16S;
below diagonal, ND2; along diagonal in bold, maximum intraspecific ND2 divergence; — indicates no data.

—y

C. sathuragiriensis sp. nov.
C. vangoghi sp. nov.

C. aaronbaueri

C. azhagu

C. galaxia

C. nairi

C. nigriventris

C. ornata

O 0 N o g A W N

C. rashidi
10 | C. regalis

11 | C. sundara

1
10.7
19.4
20.4
10.1
31.1
31.2
29.4
31.6
21.3
17.5

2 3 4 5 6 7 8 9 10 11
27 - 7.3 3.4 12.8 12.0 12.6 14.2 8.1 -
23 - 8.4 3.1 129 12.4 12.7 14.2 9.0 -
17.6 - - - - - - - - -
17.5 12.3 - 8.8 15.0 14.6 14.5 15.6 2.8 -
7.4 19.6 18.2 1.7 12.7 121 12.5 14.7 9.0 -
30.3 28.7 29.8 30.9 0.1 22 7.2 10.0 15.3 -
29.8 28.8 29.9 30.1 6.3 0.6 7.7 9.7 15.0 -
28.4 28.1 28.8 29.0 21.6 19.0 - 4.8 15.2 -
30.4 30.3 30.2 29.8 20.3 17.7 10.8 3.0 16.5 -
20.0 13.1 11.1 20.6 27.8 28.2 26.6 28.0 - -
15.6 16.9 18.0 15.6 28.5 28.7 28.4 29.5 19.1 3.0
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Systematics

Cnemaspis vangoghi sp. nov.
https://zoobank.org/A27D1DEC-6E26-47A4-AEDC-69C139A6FES1
Figs 2—-6, Tables 3-5

Type material examined. Holotype. NRC-AA-8342 (AK-R 1356), adult male,
from near Neer Katha Ayyanar Kovil (9.5108°N, 77.4529°E; ca 250 m a.s.l.), Sri-
villiputhur-Meghamalai Tiger Reserve, Virudhunagar district, Tamil Nadu state,
India; collected by Akshay Khandekar, Ishan Agarwal, Swapnil Pawar and team
on 16 April 2022. Paratypes. NRC-AA-8343 (AK-R 1351), NRC-AA-8344 (AK-R
1352), adult males, same data as holotype; NRC-AA-8345 (AK-R 1358), adult
female, from near Ayyanar Kovil waterfalls (9.5200°N, 77.4478°E; ca 400 m
a.s.l.), same data as holotype; NRC-AA-8346 (AK-R 1373), NRC-AA-8347 (AK-
R 1374), NRC-AA-8348 (AK-R 1380), adult males, from Settur Reserve Forest
(9.4036°N, 77.3721°E; ca 350 m a.s.l.), same data as holotype except collected
on 17 April 2022.

Diagnosis. A small-sized Cnemaspis, snout to vent length < 34 mm (n = 7).
Dorsal pholidosis heterogeneous; smooth to weakly keeled granular scales in-
termixed with fairly regularly arranged rows of enlarged, weakly keeled, conical
tubercles; 10 rows of dorsal tubercles at midbody, 7-14 tubercles in paraverte-
bral rows; ventral scales subequal from chest to vent, smooth, subcircular and
subimbricate with rounded end; 29-31 midventral scales across belly, 125-140
longitudinal ventral scales from mental to cloaca; subdigital scansors smooth,
unnotched, some divided and others entire, a distinct enlarged metacarpal
scale below digit I; 11-14 lamellae under digit | of manus and 11-13 under
digit | of pes, 19-22 lamellae under digit IV of manus and 18-25 lamellae under
digit IV of pes; males with continuous series of six or seven precloacal pores
(n = 6); scales on non-regenerated tail dorsum heterogeneous; small, smooth,
subcircular, flattened, subimbricate scales intermixed on anterior one third por-
tion with enlarged, weakly keeled, and weakly conical tubercles forming seven
whorls; six tubercles on first three whorl, four tubercles on fourth to seventh
whorls, only a pair of paravertebral tubercles each on eighth to 11" whorls; rest
of the tail lacking enlarged tubercles; median row of subcaudals smooth, rough-
ly rectangular, distinctly enlarged, with condition of two enlarged scales alter-
nating with a divided scale. Males with ochre anterior 1/2 of body, single central
black dorsal ocellus on neck, a white ocellus on ventrolateral side of neck and
one on throat posterior to jaw, venter off-white with dark throat, tail unbanded,
females and juveniles brown, juveniles with indistinct mid-dorsal streak.

Comparisons with members of beddomei clade. Cnemaspis vangoghi sp.
nov. can be easily distinguished from all 16 members of the beddomei clade
as well as from C. boiei by a combination of the following differing or non-over-
lapping characters: A small-sized Cnemaspis, snout to vent length < 34 mm (vs
medium-sized Cnemaspis, snout to vent length 40-49 mm in C. nairi, C. nim-
bus, C. ornata, C. rashidi, C. rubraoculus, and C. wallaceii; large-sized Cnemas-
pis, snout to vent length > 50 mm in C. anamudiensis, C. beddomei, C. maculi-
collis, and C. smaug; snout to vent length < 38 mm in C. azhagu, C. boiei, and
C. nigriventris); ten rows of dorsal tubercles at midbody (vs only a few enlarged
scattered tubercles at midbody dorsum in C. anamudiensis, two or three rows of
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Figure 2. Cnemaspis vangoghi sp. nov. (holotype, NRC-AA-8342) A dorsal view of body B ventral view of body C dorsal
view of tail D ventral view of tail E lateral view of tail. Photos by Akshay Khandekar. Scale bars: 10 mm.
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dorsal tubercles at midbody in C. azhagu, eight in C. galaxia, 16—-18 in C. nairi, 13
or 14in C. nigriventris, 12—14 in C. nimbus and C. ornata, 7-9 in C. regalis, 19-22
in C. smaug, six in C. sundara, 14 or 15 in C. wallaceii); 125-140 longitudinal ven-
tral scales from mental to cloaca (vs 151-171 longitudinal ventral scales from
mental to cloaca in C. azhagu, 154-161 in C. beddomei, 153-159 in C. galaxia,
143-147 in C. nairi, 154—-159 in C. nigriventris, 157-165 in C. ornata, 170—-172in
C. rashidi, 148-154 in C. regalis, 142-150 in C. smaug, 156-160 in C. sundara,
154-156 in C. wallaceii); 7-14 tubercles in paravertebral rows (vs paravertebral
tubercles either absent or irregular in C. anamudiensis, C. azhagu, and C. sundara,
18 or 19 tubercles in paravertebral rows in C. aaronbaueri and C. beddomei, 16
or 17in C. nimbus, 21-23 in C. ornata, 27-30 in C. smaug, 1820 in C. wallaceii);
29-31 midventral scales across belly (vs 34-44 midventral scales across belly
in C. azhagu, 32 or 33 in C. nairi, 38—40 in C. nigriventris, 26 or 27 in C. nimbus,
40-44 in C. regalis, 33-37 in C. rubraoculus, 35 or 36 in C. sundara); a distinct
white ocellus on ventrolateral sides of neck present in males (vs white ocellus on
ventrolateral sides of neck absent in C. aaronbaueri, C. anamudiensis, C. azhagu,
C. beddomei, C. maculicollis, C. nimbus, C. nimbus, C. regalis, C. rubraoculus,
C. smaug, C. wallaceii); tail unbanded (tail distinctly banded in C. nairi, C. nigriven-
tris, C. ornata, C. rashidi, C. smaug, C. sundara). Cnemaspis vangoghi sp. nov. is
diagnosed against the other new species as part of its description below.
Description of the holotype. Adult male in good state of preservation except
tail marginally bent towards left and tip is missing, hemipenis partially everted
on right and fully on left side, and a 3.1 mm long incision in sternal region for tis-
sue collection (Fig. 2A, B); SVL 32.1 mm, head short (HL/SVL 0.25), wide (HW/
HL 0.68), not strongly depressed (HD/HL 0.40), distinct from neck. Loreal region
marginally inflated, canthus rostralis indistinct. Snout 1/2 head length (ES/HL
0.48), 2.5x eye diameter (ES/ED 2.5); scales on snout and canthus rostralis sub-
circular to elongate, subequal, smooth, weakly conical, much larger than those
on forehead and interorbital region; scales on forehead similar to those on snout
and canthus rostralis except almost 2x smaller and elongate; scales on interor-
bital region, occipital, and temporal region even smaller, granular (Fig. 3A). Eye
small (ED/HL 0.19); with round pupil; supraciliaries short, larger anteriorly; eight
interorbital scale rows across narrowest point of frontal bone; 27 scale rows be-
tween left and right supraciliaries at mid-orbit level (Fig. 3A). Ear-opening deep,
oval, small (EL/ HL 0.06); eye to ear distance much greater than diameter of eye
(EE/ED 1.60) (Fig. 3C). Rostral slightly > 2x as wide (1.5 mm) as high (0.7 mm),
incompletely divided dorsally by a strongly developed rostral groove for > 1/2
of its height; a single enlarged, roughly rectangular supranasal on each side,
almost 3x larger than upper postnasal, and strongly in contact with each other
on snout; a pair of enlarged scales on snout behind internasals, separated from
each other by two much smaller, granular scales; rostral in contact with supra-
labial I, nostril, and supranasal on either side; nostrils oval, surrounded by four
postnasals, supranasal, rostral and supralabial | on either side; four roughly cir-
cular postnasals on either side, the one touching supranasal largest, gradually
decreasing in side posteriorly; two single row of scales separate orbit from su-
pralabials (Fig. 3C). Mental enlarged, subtriangular, marginally wider (2.0 mm)
than high (1.6 mm); two pairs of postmentals, inner pair roughly rectangular,
shorter (0.9 mm) than mental, separated from each other below mental by a
single enlarged median chin shield; inner pair bordered by mental, infralabial |,

ZooKeys 1196: 209-242 (2024), DOI: 10.3897/zookeys.1196.117947 217



Akshay Khandekar et al.: Two new Cnemaspis from the eastern slopes of the Southern Western Ghats

outer postmental, median chin shield and a single enlarged chin shields on ei-
ther side; outer postmentals roughly rectangular, slightly smaller (0.6 mm) than
inner pair, bordered by inner postmentals, infralabial | and Il, and four enlarged
chin shields on either side; three enlarged gular scales between left and right
outer postmentals; all chin scales bordering postmentals more or less flattened,
subcircular, smooth, and smaller than outermost postmentals; scales on rest of
throat, much smaller, smooth, subcircular, and subimbricate (Fig. 3B). Infralabi-
als bordered below by a row or two of slightly enlarged, much elongated scales,
decreasing in size posteriorly. Nine supralabials up to angle of jaw and five at
midorbital position on each side; supralabial | largest, gradually decreasing in
size posteriorly; eight infralabials on left and seven on right side up to angle of
jaw, four at midorbital position on left and five on right side; infralabial | largest,
gradually decreasing in size posteriorly (Fig. 3C).

Body relatively slender (BW/AGL 0.37), trunk < 1/2 of SVL (AGL/SVL 0.42)
without spine-like tubercles on flank (Fig. 4A-C). Dorsal pholidosis heteroge-
neous; smooth to weakly keeled granular scales intermixed with a fairly regular-
ly arranged rows of enlarged, weakly keeled, conical tubercles; granular scales
gradually increasing in size towards each flank, largest on mid-flank; granular
scales on occiput and nape slightly smaller than paravertebral granules; en-
larged tubercles in approximately 10 longitudinal rows at midbody; 12 (left)
and 14 (right) tubercles in paravertebral rows (Fig. 4A, C). Ventral scales much
larger than granular scales on dorsum, subequal from chest to vent, smooth,
subcircular and subimbricate with rounded end; scales on precloacal region
and four or five rows on femur distinctly enlarged; midventral scale rows across
belly 31; 138 ventral scales from mental to anterior border of cloaca (Fig. 4B). A
continuous series of six precloacal pores, femoral pores absent (Fig. 3D).

Scales on palm and soles granular, smooth, rounded, and flattened, a distinct
enlarged metacarpal scale on palm below digit I; scales on dorsal aspects of
limbs heterogeneous in shape and size; scales on upper arm and thigh much
larger than granular scales on body dorsum, elongate, subimbricate with point-
ed ends; scales on lower arm and shank granular, similar in size to granular
scales on body dorsum, smooth, rounded, gradually becoming larger, flattened
and subimbricate anterolaterally and posteriorly, largest on anterolateral aspect
of the hands and feet; scales on ventral aspect of upper arm smooth, granular,
much smaller than granular scales on body dorsum, scales on ventral aspect of
lower arm with much larger scales than those on upper arm, smooth, subcircular
and flattened scales; ventral aspect of thigh and shank with enlarged, smooth,
flattened, subimbricate scales, much larger than midventrals (Fig. 2A, B). Fore-
limbs and hindlimbs slightly long, slender (LAL/ SVL 0.14); (CL/SVL 0.19); digits
long, with a strong, recurved claw, distinctly inflected, distal portions laterally
compressed conspicuously. Digits with both paired and unpaired lamellae, sep-
arated into a basal and narrower distal series by single enlarged lamella at in-
flection; one or two most basal paired on basal series and 1-4 paired lamellae
above the inflection; basal lamellae series: (1-5-5-6-5 right manus, 2-7-7-7-4 right
pes), (2-6-5-6-5 left manus, Fig. 3E; 2-7-7-8-3 left pes, Fig. 3F); distal lamellae
series: (11-12-16-15-12 right manus, 10-12-16-16-16 right pes), (11-12-15-15-12
left manus, Fig. 3E; 10-12-16-16-16 left pes, Fig. 3F). Relative length of digits
(measurements in mm in parentheses): IV (3.2) > 1l (3.1) > 11 (2.9) >V (2.7) > |
(2.7) (left manus); IV (4.1) >V (3.9) = lll (3.6) > 11 (2.9) > 1 (1.9) (left pes).
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A

Figure 3. Cnemaspis vangoghi sp. nov. (holotype, NRC-AA-8342) A dorsal view of head B ventral view of head C lateral
view of head on right D view of femoral region showing femoral pores E ventral view of left manus F ventral view of left
pes. Photos by Akshay Khandekar. Scale bars: 5 mm.
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A

Figure 4. Cnemaspis vangoghi sp. nov. (holotype, NRC-AA-8342) A dorsal view of midbody B ventral view of midbody
C lateral view of midbody. Photos by Akshay Khandekar. Scale bars: 5 mm.

Tail original, subcylindrical, slender, not entire, tail tip is detached and miss-
ing, TL = 27.2 mm (Fig. 2C—E). Dorsal pholidosis on tail heterogeneous; small,
smooth, subcircular, flattened, subimbricate scales intermixed on anterior one
third portion with enlarged, weakly keeled, and weakly conical tubercles forming
seven whorls; six tubercles on first three whorl, four tubercles on fourth to sev-
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enth whorls, only a pair of paravertebral tubercles on 8" to 11" whorls; rest of
the tail lacking enlarged tubercles (Fig. 2C, E). Scales on tail venter much larger
than those on dorsal aspect, smooth, roughly subcircular, flattened, subimbri-
cate; median series smooth, roughly rectangular, distinctly enlarged than rest,
with condition of two enlarged scales alternating with a divided scale (Fig. 2D).
Scales on tail base much smaller, smooth, imbricate; a single enlarged, smooth
and weakly conical postcloacal tubercle on each side (Fig. 2D, E).

Colouration in life (Fig. 5A). Dorsal ground colour of body, limbs and tail
light grey; neck to mid-body ochre, fading slightly at mid-body. Light blue-grey
preorbital streak runs from nostril to orbit; three light postorbital streaks, up-
permost on either side meeting in parietal region forming an inverted chevron
enclosing a single large elongate black ocellus on occiput, middle terminating
on neck and lowermost continuing until ear opening. Head finely reticulated
with pale blue-grey, a white ocellus on a black patch of scales on each side of
ventrolateral aspect of neck just anterior to forelimb insertions; a fine yellow
collar at anterior edge of forelimb insertions, just divided by indistinct contin-
uation of chevron on neck, two small black spots anterior to the division. No
distinct dorsal spots or bands, tubercles and a few adjacent scales at mid-body
and posterior 1/2 of body pale blue-grey; similar spots on femur and bands on
tibia; forelimbs with some ochre near insertions, otherwise whitish-grey with
dark outlines of scales; digits with white and dark markings. Original tail with-
out bands, blue-grey with dark outlines of scales. Ventral ground colouration
grey-white; throat strongly marked with black up to forelimb insertions except
for a fine pale border just below infralabials; a white spot on either side of the
throat posterior to jaw; belly with dark markings and blue-grey scales toward
the lateral margins; underside of limbs and tail with few dark markings; preclo-
acal, femoral and tibial regions with almost no dark markings. Pupil black, iris
reddish with a pale orange ring lining pupil.

Variation and additional information from type series (Figs 5B, C, 6). Men-
sural, meristic and additional character state data for the type series is giv-
en in Tables 3-5, respectively. There are four adult males, a single subadult
male, and a single adult female ranging in size from 28.6-33.6 mm (Fig. 6A,
B). All paratypes resemble the holotype except as follows: three postnasals
on either side in NRC-AA-8344, NRC-AA-8346, and NRC-AA-8348. Inner post-
mentals bordered by mental, infralabial I, outer postmental, enlarged median
chin shield in all paratypes, additionally, bordered by two small chin scales
on either side in NRC-AA-8343, single chin scale on left and two on right side
in NRC-AA-8344. Outer postmentals bordered by inner pair, infralabial | and Il
in all paratypes, additionally, bordered by five chin scales on left and four on
right side in NRC-AA-8344, NRC-AA-8345, NRC-AA-8347; four on left and five
on right side in NRC-AA-8348; outer postmental separated from each other by
five chin scales including median chin shield in NRC-AA-8343, four chin scales
in NRC-AA-8344. NRC-AA-8348 with original and complete tail, slightly longer
than body (TL/SVL 1.23); three paratypes, NRC-AA-8344, NRC-AA-8346, and
NRC-AA-8347, with original partially broken tails; NRC-AA-8343 with small and
partially regenerated tail, and NRC-AA-8345 with complete regenerated tail, de-
tached from the body (Fig. 6A, B). NRC-AA-8347 with damaged skink on the
snout; NRC-AA-8343 with fully everted hemipenis on either side, NRC-AA-8347
with fully everted hemipenis only on left side.
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Figure 5. Cnemaspis vangoghi sp. nov., in life A adult male (holotype, NRC-AA-8342) B adult female (paratype, NRC-
AA-8345), and C subadult male (paratype, NRC-AA-8348). Photos by Akshay Khandekar.
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Figure 6. Paratype series of Cnemaspis vangoghi sp. nov., from left to right, NRC-AA-8343-8348 A dorsal view, and
B ventral view. Photos by Akshay Khandekar. Scale bar: 10 mm.

The new species is strongly sexually dimorphic and also shows ontogenet-
ic colour variation (Fig. 5A-C): females brown with numerous black and pale
blotches, collar pale brown, flanked anteriorly by thick black, divided by an ex-
tension of the neck chevron; distinct black ocellus on occiput; white ocelli on
side of neck absent; forelimbs brown, hindlimbs with scattered dark and pale
markings, digits banded. Regenerated tail grey, without bands. Ventral ground
colouration of gular, body and tail grey-white; underside of limbs with few dark
markings. Subadult male brown with an indistinct, cream mid-dorsal streak
formed by the extension of the neck chevron, five or six spots in the streak;
black ocellus on occiput and white ocelli on side of neck distinct; forelimbs
brown, hindlimbs with scattered dark and pale markings, digits banded. Orig-
inal tail without bands, grey with dark outlines of scales, regenerated portion
brown. Ventral ground colouration of gular, body and tail grey-white; a white
spot on either side of the throat posterior to jaw; belly without dark markings;
underside of limbs and tail with few dark markings.
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Table 3. Mensural (mm) data for the new species. Abbreviations are listed in Materials and methods, * = tail incomplete.

Museum = Holotype

number

Sex

SVL
TL
T™W
FL
CL
AGL

Cnemaspis vangoghi sp. nov. Cnemaspis sathuragiriensis sp. nov.
Paratypes Holotype Paratypes
NRC- NRC- NRC- NRC- NRC- NRC- NRC- NRC- NRC- NRC- NRC- NRC-
AA-8342 AA-8343 AA-8344 AA-8345 AA-8346 AA-8347 AA-8348 AA-8349 AA-8350 AA-8351 | AA-8352 | AA-8353
Male Male Male Female Male Male Subadult Male Male Male Male Subadult
male female
32.1 33.6 33.6 329 31.3 32.8 28.6 32.8 329 31.2 33.0 26.7
27.2% 16.9% 29.8* 33.7% 22.2*% 26.9% 35.4 37.6 38.6 32.1* 3.1% 1.9%
3.2 3.1 3.2 3.4 3.3 3.0 2.7 3.0 2.7 3.6 3.2 2.3
4.7 4.6 5.0 5.2 4.9 4.7 4.6 4.8 4.9 4.9 5.1 4.0
6.2 5.9 6.3 6.2 6.3 6.2 5.3 6.5 6.2 6.0 6.7 49
13.7 13.0 12.8 13.2 12.6 13.6 11.5 12.9 14.2 12.4 12.7 11.1
3.5 3.7 3.4 4.2 3.6 3.4 3.7 3.6 3.5 33 42 3.9
5.2 7.0 59 6.3 6.2 57 5.6 6.5 5.6 6.1 6.9 5.1
8.2 8.5 8.8 9.1 8.4 8.8 7.0 9.0 8.1 8.5 8.9 6.6
5.6 6.1 5.9 5.9 5.8 57 5.4 6.7 59 6.1 5.9 4.7
33 3.5 3.7 4.6 3.78 3.7 33 4.7 3.4 3.7 3.8 2.7
1.6 1.6 1.9 1.8 1.6 1.5 1.4 1.8 1.7 1.8 1.9 1.5
2.6 29 2.7 2.8 2.8 29 2.3 29 2.6 2.7 2.7 2.3
4.0 3.9 43 4.3 3.9 4.2 3.3 4.0 4.0 4.0 4.3 3.1
3.1 3.1 34 3.2 3.1 33 2.6 3.2 3.0 3.2 3.5 2.5
1.1 1.1 1.1 1.2 1.1 1.0 0.8 1.1 1.0 1.1 1.2 1.0
2.1 2.3 2.5 2.6 2.5 2.1 2.1 2.4 2.4 1.8 2.3 1.9
0.5 0.6 0.5 0.6 0.8 0.5 0.5 0.5 0.7 0.6 0.7 0.4

Etymology. The specific epithet is a patronym for Dutch painter Vincent Van
Gogh (1853-1890). The colouration of the new species is reminiscent of one of
Van Gogh'’s most iconic paintings, The Starry Night. Suggested common name
is Van Gogh's starry dwarf gecko.

Distribution and natural history. Cnemaspis vangoghi sp. nov. is known only
from two closely spaced localities (Ayyanar Kovil and Settur Reserve Forest,
both in Meghamalai-Srivilliputhur Tiger Reserve, Tamil Nadu) within < 15 km
straight line distance (Fig. 1). The new species was recorded in seasonally dry
tropical forest with a mix of evergreen and deciduous species between eleva-
tions of 250-400 m a.s.l. on eastern slopes of the Western Ghats (Fig. 7A).
Individuals of the new species were observed active during the daytime (0830-
1400 hrs) on rocks and tree trunks < 2 m high from the base (Fig. 7B). A large
number of individuals (n = 25/hr) were observed at both the locations indicat-
ing high abundance. At Ayyanar Kovil, a few individuals were observed inac-
tive, resting on rocks during evening and night time (1800-2030 hrs). We also
observed Giant wood spider (Nephila sp.) feeding on an adult female individual
of the new species. Sympatric lizards at the type locality include Cnemaspis
cf. gracilis, Hemidactylus cf. frenatus, H. cf. leschenaultii, H. vanam Chaitan-
ya, Lajmi & Giri, 2018, Dravidoseps srivilliputhurensis Agarwal, Thackeray &
Khandekar, 2024, Eutropis carinata (Schneider, 1801), E. macularia (Blyth, 1853),
and Psammophilus cf. blanfordanus.
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Figure 7. Habitat of Cnemaspis vangoghi sp. nov. A general view at Settur Reserve Forest
(paratype locality), and B microhabitat at type locality. Photos by Akshay Khandekar.

Cnemaspis sathuragiriensis sp. nov.
https://zoobank.org/5C640413-8B2F-417F-AD1C-A867AFE5A7B5
Figs 8-12, Tables 3-5

Type material examined. Holotype. NRC-AA-8349 (AK-R 1510), adult male, from
near Sathuragiri entry point (9.7093°N, 77.6307°E; ca 250 m a.s.l.), Sathuragiri,
Virudhunagar district, Tamil Nadu state, India; collected by Akshay Khandekar,
Ishan Agarwal, Swapnil Pawar and team on 26 April 2022. Paratypes. NRC-
AA-8350 (AK-R 1511), NRC-AA-8351 (AK-R 1512), adult males, same data as
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holotype; NRC-AA-8352 (AK-R 1513), adult male, NRC-AA-8353 (AK-R 1515),
subadult female, from near Vazhukkuparai Saptur Reserve Forest (9.7174°N,
77.6244°E; ca 400 m a.s.l.), Sathuragiri; same data as holotype.

Diagnosis. A small-sized Cnemaspis, snout to vent length < 33 mm (n = 5).
Dorsal pholidosis heterogeneous; smooth to weakly keeled granular scales in-
termixed with irregularly arranged rows of enlarged, weakly keeled, conical tu-
bercles; 6-8 rows of dorsal tubercles at midbody, paravertebral tubercles either
absent or irregular; ventral scales subequal from chest to vent, smooth, sub-
circular and subimbricate with rounded end; 28—30 midventral scales across
belly, 130-137 longitudinal ventral scales from mental to cloaca; subdigital
scansors smooth, unnotched, some divided and others entire, a distinct en-
larged metacarpal scale below digit I; 11-13 lamellae under digit | of manus
and 11 or 12 under digit | of pes, 18-21 lamellae under digit IV of manus and
23 or 24 lamellae under digit IV of pes; males with continuous series of seven
or eight precloacal pores (n = 4); scales on non-regenerated tail dorsum hetero-
geneous; small, smooth, subcircular, flattened, subimbricate scales intermixed
on anterior one third portion with enlarged, weakly keeled, and weakly conical
tubercles forming eight whorls; six tubercles on first whorl, four tubercles on
second to fourth whorls, only a pair of paravertebral tubercles each on fifth to
eighth whorls; rest of the tail lacking enlarged tubercles; median row of subcau-
dals smooth, roughly subcircular, distinctly enlarged than rest, with condition of
two enlarged scales alternating with a divided scale. Males with ochre dorsum,
single central black dorsal ocellus on neck, a white ocellus on ventrolateral side
of neck and one on throat posterior to jaw, venter off-white with dark throat, tail
unbanded, females and juveniles brown with a prominent mid-dorsal streak.

Comparisons with members of beddomei clade. Chemaspis sathuragiriensis
sp. nov. can be easily distinguished from all 16 members of the beddomei clade
as well as from C. boiei by a combination of the following differing or non-over-
lapping characters: A small-sized Cnemaspis, snout to vent length < 33 mm (vs
medium-sized Cnemaspis, snout to vent length 40-49 mm in C. nairi, C. nim-
bus, C. ornata, C. rashidi, C. rubraoculus and C. wallaceii; large-sized Cnemaspis,
snout to vent length > 50 mm in C. anamudiensis, C. beddomei, C. maculicollis,
and C. smaug; snout to vent length < 38 mm in C. azhagu, C. boiei, and C. nigriven-
tris); 6—8 rows of dorsal tubercles at midbody (vs only a few enlarged scattered
tubercles at midbody dorsum in C. anamudiensis, two or three rows of dorsal
tubercles at midbody in C. azhagu, 16-18 in C. nairi, 13 or 14 in C. nigriven-
tris, 12—=14 in C. nimbus and C. ornata, 19-22 in C. smaug, 10 in C. vangoghi
sp. nov., 14 or 15 in C. wallaceii); 130-137 longitudinal ventral scales from
mental to cloaca (vs 151-171 longitudinal ventral scales from mental to clo-
aca in C. azhagu, 154-161 in C. beddomei, 153-159 in C. galaxia, 143-147 in
C. nairi, 154-159 in C. nigriventris, 157-165 in C. ornata, 170—172 in C. rashidi,
148-154 in C. regalis, 142-150 in C. smaug, 156—160 in C. sundara, 154-156
in C. wallaceii); paravertebral tubercles either absent or irregular (vs 18 or 19
tubercles in paravertebral rows in C. aaronbaueri and C. beddomei, 16 or 17 in
C. nimbus, 21-23in C. ornata, 27-30 in C. smaug, 7-14 in C. vangoghi sp. nov.,
18-20in C. wallaceii); 28—30 midventral scales across belly (vs 34-44 midven-
tral scales across belly in C. azhagu, 32 or 33 in C. nairi, 38—40 in C. nigriventris,
26 or 27 in C. nimbus, 40-44 in C. regalis, 33—37 in C. rubraoculus, 35 or 36 in
C. sundara); a distinct white ocellus on ventrolateral sides of neck present in
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Table 4. Meristic data for the new species. Abbreviations are listed in Materials and methods, * = lamellae damaged,
L&R = left & right, A = absent.

Cnemaspis vangoghi sp. nov. Cnemaspis sathuragiriensis sp. nov.
Museum Holotype Paratypes Holotype Paratypes
number NRC- NRC- NRC- NRC- NRC- NRC- NRC- NRC- NRC- NRC- NRC- NRC-
AA-8342 | AA-8343 | AA-8344  AA-8345 AA-8346 AA-8347 AA-8348 AA-8349 AA-8350 AA-8351 AA-8352 AA-8353

SL L&R 9&9 9&8 9&9 8&8 787 9&10 8&7 8&8 8&8 8&8 8&8 8&8
ILL&R 8&7 6&7 787 8&7 6&7 787 888 787 787 787 787 787
SL M L&R 5&5 5&5 6&5 586 5&5 586 5&5 5&5 5&5 5&5 5&5 5&5
ILML&R 485 484 5&5 485 584 485 484 5&5 484 484 484 584
PVT L&R 128&14 78&7 788 789 128&12 11&13 787 A A irr A irr
DTR 10 10 10 10 10 10 10 6 7 8 6 7
MVSR 31 31 30 30 29 29 31 30 28 30 28 29
VS 138 125 137 126 134 140 134 132 131 137 130 131

DLAMF1 L&R | 11&11 10&10 11&11 9&10 10&11 12&12 12&12 10&10 10&10 10&10 10&10 11&12
BLAMF1 L&R 28&1 282 282 282 282 282 28&1 1&1 1&1 38&3 282 1&1
DLAMF4 L&R | 15&15 13&13 14&15 13&14 14&14 16&10* 15&15 14&14 15&14 15&15 13&13 15&15

BLAMF4 L&R 686 6&6 6&6 686 6&6 6&6 786 6&6 384 6&6 6&6 6&5
DLAMT1T L&R | 10&10 98&9 10&10 9&9 10&10 11&11 11&10 10&10 10&10 98&9 9&9 10&10
BLAMT1 L&R 282 282 282 282 282 282 282 1&1 282 282 282 282

DLAMT4 L&R | 16&16 158&15 15815 14&15 14814 17816 16&17 15816 16816 16&16 14814 16816
BLAMT4 L&R 887 786 6&6 486 68&7 888 787 8&8 787 8&8 989 787

DLAMTS5 L&R | 16&16 15&14 15815 15&14 158&15 17816 16&17 15816 15816 15&16 13814 16816
BLAMTS L&R 384 282 282 282 3&3 282 282 282 282 282 283 282

TLAMF1 L&R | 13&12 12812 13813 11812 12813 14814 14&13 11&11 11811 13&13 12812 12813
TLAMF4 L&R | 21821 19&19 20821 19820 20&20 22&16* 22821 20&20 18818 21821 19&19 21820
TLAMT1 L&R | 12&12 11&11 12812 11811 12812 13813 13812 11&11 12812 11&11 118&11 12812
TLAMT4 L&R | 24823 22821 21821 18821 20821 25824 23824 23824 23823 24824 23823 23823
TLAMTS L&R | 19&20 17&16 17817 17816 18&18 19818 18819 17818 17818 17&18 15817 18818

PP 6 7 7 A 7 7 7 7 8 7 8 A
SB PP A A A A A A A A A A A A
PCT L&R 1&1 1&1 1&1 1&1 1&1 1&1 1&1 1&1 1&1 1&1 1&1 1&1

males (vs white ocellus on ventrolateral sides of neck absent in C. aaronbaueri,
C. anamudiensis, C. azhagu, C. beddomei, C. maculicollis, C. nimbus, C. regalis,
C. rubraoculus, C. smaug, C. wallaceii); tail unbanded (tail distinctly banded in
C. nairi, C. nigriventris, C. ornata, C. rashidi, C. smaug, C. sundara).

Description of the holotype. Adult male in good state of preservation except
tail marginally bent towards right, hemipenis fully everted on right,and a 4.1 mm
long incision in sternal region for tissue collection (Fig. 8A-E); SVL 32.1 mm,
head short (HL/SVL 0.27), wide (HW/HL 0.74), not strongly depressed (HD/HL
0.52), distinct from neck. Loreal region marginally inflated, canthus rostralis in-
distinct. Snout almost 1/2 of head length (ES/HL 0.44), 2x eye diameter (ES/ED
2.2); scales on snout and canthus rostralis subcircular to elongate, subequal,
smooth, weakly conical, much larger than those on forehead and interorbital
region; scales on forehead similar to those on snout and canthus rostralis ex-
cept almost 2x smaller and elongate; scales on interorbital region, occipital,
and temporal region even smaller, granular (Fig. 9A). Eye small (ED/HL 0.20);
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Figure 8. Cnemaspis sathuragiriensis sp. nov. (holotype, NRC-AA-8349) A dorsal view of body B ventral view of body
C dorsal view of tail D ventral view of tail E lateral view of tail. Photos by Akshay Khandekar. Scale bars: 10 mm.

with round pupil; supraciliaries short, larger anteriorly; seven interorbital scale
rows across narrowest point of frontal bone; 29 scale rows between left
and right supraciliaries at mid-orbit level (Fig. 9A, C). Ear-opening deep, oval,
small (EL/HL 0.05); eye to ear distance much greater than diameter of eye
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(EE/ED 1.61) (Fig. 9C). Rostral slightly > 2x as wide (1.7 mm) as high (0.8 mm),
incompletely divided dorsally by a strongly developed rostral groove for > 1/2
of its height; a single enlarged, roughly rectangular supranasal on each side,
almost 3x larger than upper postnasal, and strongly in contact with each other
on snout; a pair of enlarged scales on snout behind internasals, separated from
each other by a single smaller, granular scale; rostral in contact with supralabial
, nostril, and supranasal on either side; nostrils oval, surrounded by three post-
nasals, supranasal, rostral and supralabial | on either side; three postnasals on
either side, the one touching supranasal largest, roughly rectangular, gradually
decreasing in side posteriorly; two single row of scales separate orbit from su-
pralabials (Fig. 9C). Mental enlarged, subtriangular, marginally wider (2.1 mm)
than high (1.9 mm); two pairs of postmentals, inner pair roughly rectangular,
shorter (1.0 mm) than mental, separated from each other below mental by a
single enlarged median chin shield; inner pair bordered by mental, infralabial |,
outer postmental, median chin shield and a single enlarged chin shields on ei-
ther side; outer postmentals roughly rectangular, slightly smaller (0.6 mm) than
inner pair, bordered by inner postmentals, infralabial | and I, and five enlarged
chin shields on either side; three enlarged gular scales (including median chin
shield) between left and right outer postmentals; all chin scales bordering post-
mentals more or less flattened, subequal, subcircular, smooth, and smaller than
outermost postmentals; scales on rest of throat granular, smooth, subcircular,
and juxtaposed scales (Fig. 9B). Infralabials bordered below by a row or two of
slightly enlarged, much elongated scales, decreasing in size posteriorly. Eight
supralabials up to angle of jaw and five at midorbital position on each side; su-
pralabial | largest, gradually decreasing in size posteriorly; seven infralabials up
to angle of jaw and five at midorbital position on either side; infralabial | largest,
gradually decreasing in size posteriorly (Fig. 9C).

Body relatively slender (BW/AGL 0.50), trunk < 1/2 of SVL (AGL/SVL 0.39)
without spine-like tubercles on flank (Fig. T0A-C). Dorsal pholidosis hetero-
geneous; smooth to weakly keeled granular scales intermixed with irregularly
arranged rows of enlarged, weakly keeled, conical tubercles; granular scales
gradually increasing in size towards each flank, largest on mid-flank; granular
scales on occiput and nape slightly smaller than paravertebral granules; en-
larged tubercles in approximately six longitudinal rows at midbody; enlarged
tubercles in paravertebral rows absent, (Fig. 10A, C). Ventral scales much larger
than granular scales on dorsum, subequal from chest to vent, smooth, subcir-
cular and subimbricate with rounded end; scales on precloacal region and four
or five rows on femur distinctly enlarged; midventral scale rows across belly
30; 132 ventral scales from mental to anterior border of cloaca (Fig. 10B). A
continuous series of seven precloacal pores, femoral pores absent (Fig. 9D).

Scales on palm and soles granular, smooth, rounded, and flattened, a distinct
enlarged metacarpal scale on palm below digit I; scales on dorsal aspects of
limbs heterogeneous in shape and size; scales on upper arm and thigh much
larger than granular scales on body dorsum, smooth and a few feebly keeled,
slightly elongate, subimbricate with weakly pointed ends; scales on lower arm
and shank granular, similar in size to granular scales on body dorsum, smooth,
rounded, gradually becoming larger, flattened and subimbricate anterolaterally
and posteriorly, largest on anterolateral aspect of the hands and feet; scales
on ventral aspect of upper arm smooth, granular, much smaller than granular
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A

Figure 9. Cnemaspis sathuragiriensis sp. nov. (holotype, NRC-AA-8349) A dorsal view of head B ventral view of head
C lateral view of head on right D view of femoral region showing femoral pores E ventral view of left manus F ventral view

of left pes. Photos by Akshay Khandekar. Scale bars: 5 mm.
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scales on body dorsum, scales on ventral aspect of lower arm with much larg-
er scales than those on upper arm, smooth, subcircular and flattened scales;
ventral aspect of thigh and shank with enlarged, smooth, flattened, subimbri-
cate scales, much larger than midventrals (Fig. 8A, B). Forelimbs and hindlimbs
slightly long, slender (LAL/ SVL 0.14); (CL/SVL 0.19); digits long, with a strong,
recurved claw, distinctly inflected, distal portions laterally compressed conspic-
uously. Digits with both paired and unpaired lamellae, separated into a basal
and narrower distal series by single enlarged lamella at inflection; one or two
most basal paired on basal series and 1-4 paired lamellae above the inflection;
basal lamellae series: (1-5-4-6-3 right manus, 1-6-7-8-2 right pes), (1-5-4-6-4 left
manus, Fig. 9E; 1-6-7-8-2 left pes, Fig. 9F); distal lamellae series: (10-12-14-14-
12 right manus, 10-12-16-16-16 right pes), (10-12-15-14-12 left manus, Fig. 9E;
10-13-16-15-15 left pes, Fig. 9F). Relative length of digits (measurements in
mm in parentheses): IV (3.4) = Il (3.4) > 11 (3.1) >V (3.0) > 1 (2.2) (left manus);
IV (4.1) = 111 (4.1) > 11 (3.4) = 1 (3.3) > 1 (2.2) (left pes).

Tail mostly original with regenerated tip, entire, subcylindrical, slender, mar-
ginally longer than body (TL/SVL = 1.14) (Fig. 8C—E). Dorsal pholidosis on tail
heterogeneous; small, smooth, subcircular, flattened, subimbricate scales in-
termixed on anterior one third portion with enlarged, weakly keeled, and weakly
conical tubercles forming eight whorls; six tubercles on first whorl, four tuber-
cles on second to fourth whorls, only a pair of paravertebral tubercles each on
fifth to eighth whorls; rest of the original and regenerated tail lacking enlarged
tubercles (Fig. 8C, E). Scales on tail venter much larger than those on dorsal
aspect, smooth, roughly subcircular, flattened, subimbricate; median series
smooth, roughly subcircular, distinctly enlarged than rest, with condition of two
enlarged scales alternating with a divided scale (Fig. 8D). Scales on tail base
much smaller, smooth, imbricate; a single enlarged, smooth, and weakly coni-
cal postcloacal tubercle on each side (Fig. 8D, E).

Colouration in life (Fig. 11A). Dorsal ground colour of body, limbs, and tail
pale grey; neck and trunk ochre, fading slightly near hindlimb insertions. Pale
blue-grey preorbital streak runs from nostril to orbit; three pale postorbital
streaks, uppermost on either side meeting in parietal region forming an invert-
ed chevron enclosing a single large elongate black ocellus on occiput, middle
terminating on neck and lowermost continuing until ear opening. Head finely re-
ticulated with pale blue-grey, a white ocellus on a black patch of scales on each
side of ventrolateral aspect of neck just anterior to forelimb insertions; a fine
yellow collar at anterior edge of forelimb insertions, broken in the centre, two
fine black spots anterior to and a yellow spot on the division. Fine black spots
and paler blotches on dorsum, tubercles and a few adjacent scales around
hindlimb insertions and on tail pale blue-grey; similar spots on posterior flank,
femur and bands on tibia; upper 1/2 of upper arm ochre, otherwise whitish-grey
with dark outlines of scales; digits with white and dark markings. Original tail
without bands, blue with dark outlines of scales and darker markings. Ventral
ground colouration grey-white; throat fairly strongly marked with black up to
forelimb insertions except for a fine pale border just below infralabials, a white
spot on either side of the throat posterior to jaw; belly with scattered dark mark-
ings and blue-grey scales toward the lateral margins; underside of limbs and
tail with few dark markings; precloacal and femoral region with almost no dark
markings. Pupil black, iris dark red with a pale orange ring lining pupil.
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Table 5. Additional morphological characters of the new species. A = absent, / = data unavailable.

Cnemaspis vangoghi Cnemaspis sathuragiriensis
Sp. nov. Sp. nov.
Holotype Paratypes Holotype Paratypes

Museum number

Anterior extra-brillar fringe scales enlarged (0) or not enlarged (1)
Occipital ocellus present (0) or absent (1)
Dorsal pholidosis homogeneous (0) or heterogeneous (1)
Dorsal tubercles weakly keeled (0) or smooth (1)
Tubercles linearly arranged (0) or more random (1)
Spine-like tubercles on flank present (0) or absent (1)
Gular scales keeled (0) or smooth (1)
Pectoral scales keeled (0) or smooth (1)
Ventral scales keeled (0) or smooth (1)
Precloacal pores continuous (0) or separated (1)
Precloacal pores elongate (0) or round (1)
Enlarged femoral scales present (0) or absent (1)
Subtibial scales keeled (0) or smooth (1)
Lateral caudal furrows present (0) or absent (1)
Caudal tubercles encircle tail (0) or not (1)
Subcaudals keeled (0) or smooth (1)
Median subcaudal scale row not enlarged (0) or enlarged (1)

“ A A a0 =2 = =~ o o o = o ol NRC-AA-8342
~~~~=2oo/lo =222 =0 o = o o NRC-AA-8343
2 A A ala 000 = = =~ 4o o o = o ol NRC-AA-8344
~N~N N~ =2 o >»r » === =20 o = o o NRC-AA-8345
-2 a2 A mn oo =~ 2 ala o o= o o NRC-AA-8346
2 Ao a0 o= = =2 2 o o = |o ol NRC-AA-8347
A2 a a0 o0 o0 = =2 =2~ o o = o o NRC-AA-8348
A aa alajlo0oo0o 2|2 2 ala o = o|o| NRC-AA-8349
~alaa a0 o o a alalaa ol - o ol NRC-AA-8350
a2 aalaoolo = 2 2ol o o —~ o ol NRC-AA-8351
~~~~=2loo o =222 =2 o = o o NRC-AA-8352
~~~~ =20 >» » = =2 =2 22 0 = o o NRC-AA-8353

Variation and additional information from type series (Figs 11B, C, 12).
Mensural, meristic, and additional character state data for the type series is
given in Tables 3-5, respectively. There are three adult males, and a single
subadult female ranging in size from 26.7-33.0 mm (Fig. 12). All paratypes
resemble the holotype except as follows: inner postmentals bordered by men-
tal, infralabial |, outer postmental, enlarged median chin shield in all paratypes,
additionally, bordered by two small chin scales on left and a single scale on
right side in NRC-AA-8351. Outer postmentals bordered by inner pair, infralabial
| & Il in all paratypes, additionally, bordered by four chin scales on left and five
on right side in NRC-AA-8350, four on left and five on right side in NRC-AA-8351
and NRC-AA-8353, four on either side in NRC-AA-8352; outer postmental sepa-
rated from each other by four chin scales including median chin shield in NRC-
AA-8351. NRC-AA-8350 with almost original tail with tip regenerated, marginal-
ly longer than body (TL/SVL 1.17), NRC-AA-8351 with original tail with missing
tail tip, equal to body (TL/SVL 1.02); Two paratypes, NRC-AA-8352 and NRC-
AA-8353 with completely missing tails; NRC-AA-8351 with damaged skink on
the tail base; NRC-AA-8350 with fully everted hemipenis only on left side.

The new species is strongly sexually dichromatic and shows ontogenetic co-
lour variation (Fig. 1T1A-C): subadult female pale brown with a cream mid-dor-
sal streak that continues onto tail formed by the extension of the neck chevron,
dorsum with scattered black and pale blotches, collar pale brown, flanked ante-
riorly by a few black spots; distinct black central ocellus on occiput, white ocelli
on side of neck absent; forelimbs brown, hindlimbs with scattered dark and
pale markings, digits banded. Original tail grey, without bands, regenerated por-
tion blue in male paratypes. Ventral ground colouration of gular, body and tail
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A

Figure 10. Cnemaspis sathuragiriensis sp. nov. (holotype, NRC-AA-8349) A dorsal view of midbody B ventral view of mid-
body C lateral view of midbody. Photos by Akshay Khandekar. Scale bars: 5 mm.

grey-white; underside of limbs with few dark markings. Juveniles brown with
a cream mid-dorsal streak that continues onto tail where it is orange formed
by the extension of the neck chevron; distinct black central ocellus on occiput,
white ocelli on side of neck absent; forelimbs brown, hindlimbs with scattered
dark and pale markings, digits banded. Original tail grey, without bands, regen-
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=

Figure 11. Cnemaspis sathuragiriensis sp. nov., in life A adult male (holotype, NRC-AA-8349) B subadult female (paratype,
NRC-AA-8353), and C juvenile (uncollected). Photos by Akshay Khandekar.
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Figure 12. Paratype series of Cnemaspis sathuragiriensis sp. nov., from left to right, NRC-AA-8350-8353 A dorsal view,
and B ventral view. Photos by Akshay Khandekar. Scale bars: 10 mm.

erated portion blue in male paratypes (Fig. 12A, B). Ventral ground colouration
of gular, body and tail grey-white; underside of limbs with few dark markings.

Etymology. The specific epithet is a toponym for the type locality of the
new species, Sathuragiri mountain in Srivilliputhur-Megamalai Tiger Reserve
(SMTR), Virudhunagar District, Tamil Nadu. Suggested Common name is
Sathuragiri dwarf gecko.
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Distribution and natural history. Cnemaspis sathuragiriensis sp. nov. is
known only from its type locality (Sathuragiri hills in Virudhunagar district, Tam-
il Nadu) between elevations of 250-400 m a.s.l. on eastern slopes of the West-
ern Ghats (Fig. 1). Individuals of the new species were observed active during
the daytime (0830—-1100 hrs) on rocks and tree trunks < 2 m high from the base
in seasonally dry tropical forest with a mix of evergreen and deciduous spe-
cies (Fig. 13A). The species was observed in high abundance (n = 20/hr), more
commonly on boulders in shaded areas than tree trunks (Fig. 13B). Sympat-
ric lizards at the type locality include Cnemaspis cf. gracilis, Hemidactylus cf.
frenatus, H. cf. leschenaultii, H. vanam, Dravidoseps srivilliputhurensis, Eutropis
carinata, E. macularia, and Psammophilus cf. blanfordanus.

Key to the ornata subclade within the beddomei clade of South Asian

Cnemaspis

1 White ocellus on ventrolateral sides of neck in males............cccccccevennennnn. 2
- No white ocellus on ventrolateral sides of neck in males ............c.ccco...... 7
2 Original tail unbanded .............ccoooiiiiiieiieicece e 3
= Original tail banded ...........c.c.ooiiiiioieee e 5
3 =140 longitudinal scales from mental to cloaca............ccccoeoveiiieienenn, 4
—  153-159 longitudinal scales from mental to cloaca................... C. galaxia
4 Entire dorsum ochre in adult males ................. C. sathuragiriensis sp. nov.
—  Anterior 1/2 of dorsum ochre in adult males .............. C. vangoghi sp. nov.
5  150-165 longitudinal scales from mental to cloaca.............c..cccceveeninnn. 6
—  143-147 longitudinal scales from mental to cloaca........................ C. nairi
- 170-172 longitudinal scales from mental to cloaca.................... C. rashidi
6  Paravertebral tubercles absent ............ccocooiiiiiiiiii C. sundara
— 15o0r 16 paravertebral tubercles ..........cccccocveviiviiiiiiieine C. nigriventris
—  21-23 paravertebral tubercles ..........cocooeieiiiii C. ornata
7  Paravertebral tubercles irregular or absent.............cccccoeevenenen. C. azhagu
— 18 or 19 paravertebral tubercles ..........cccccooeoieviiiiic, C. aaronbaueri
— 15o0r 16 paravertebral tubercles ...........cccooeiiiiiiiiiii C. regalis
Discussion

The ornata subclade now has 11 known valid species (including the two new
species described in this paper) in a small geographic area spanning < 1° lon-
gitude and 1.5° latitude. At the southern extreme of the Western Ghats, the
region is incredibly heterogeneous, with altitudinal variation from close to sea
level to > 1,500 m a.s.l. and strong east-west gradients in total annual precip-
itation and seasonality. Habitats range from thorny scrub forest on the lower
eastern slopes of the mountains to evergreen forest at higher elevations and
on the western slopes. This subclade is distributed across the Shencottah
Gap (SG), a relatively low elevation pass through the Western Ghats. All 11
members of the clade are strongly sexually dichromatic, and sexual selection
may at least in part be a driver of the high diversity in this clade, as has been
speculated for members of the C. gracilis clade (Agarwal et al. 2022). The two
new species add to the five previously known endemic vertebrates from Srivil-
liputhur-Megamalai Tiger Reserve — the geckos Cnemaspis galaxia, C. rashidi,
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Figure 13. Habitat of Cnemaspis sathuragiriensis sp. nov. at the type locality A general
view, and B microhabitat from where types were collected. Photos by Akshay Khandekar.

Hemidactylus vanam; the skink Dravidoseps srivilliputhurensis and the anuran
Nasikabatrachus bhupathyi Janani, Vasudevan, Prendini, Dutta & Aggarwal,
2017 (Janani et al. 2017; Chaitanya et al. 2018; Pal et al. 2021; Sayyed et al.
202343, b; Agarwal et al. 2024).

Though sampling of the ornata subclade likely remains incomplete as this
vast mountainous landscape has a number of higher elevations we could not
access in our rapid surveys, there are some geographic patterns that emerge
based on available data. The only two high elevation species are the sister
pair C. ornata + C. rashidi that are distributed north of the SG, together forming
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the sister taxon to the low elevation species C. nairi + C. nigriventris that are
distributed around the SG. These two sister pairs are deeply divergent from
one another, indicative of potentially more undiscovered species in the inter-
vening areas. The subclade containing C. aaronbaueri, C. azhagu and C. re-
galis is distributed entirely south of the SG and mainly on the eastern slopes,
while the final subclade includes the low to mid elevation C. sundara which is
distributed close to the SG, and the galaxia complex with three low elevation
species in Srivilliputhur. Large sampling gaps exists between the distribution
of C. sundara and C. galaxia as well as between C. nairi and C. regalis. Pal et al.
(2021) considered the pairs C. galaxia + C. regalis and C. nairi + C. nigriventris
to be separated by the Shencottah Gap — although we now know that each
member of the former pair represents a cluster of closely related species,
and at least C. nigriventris spans the Shencottah Gap. It is unclear what the
northern boundary of the ornata subclade is, and we sampled areas north of
Srivilliputhur including the Anaimalai and Palani Hills but failed to locate any
species of the ornata subclade.

This last section is a note on violations of Principle 2 of the Code of Ethics
prescribed by The Code (appendix A; Anonymous 1999) which states

“A zoologist should not publish a new name if he or she has reason to believe
that another person has already recognized the same taxon and intends to es-
tablish a name for it (or that the taxon is to be named in a posthumous work). A
zoologist in such a position should communicate with the other person (or their
representatives) and only feel free to establish a new name if that person has
failed to do so in a reasonable period (not less than a year).”

One of the authors of Cnemaspis rashidi accompanied us in the field in 2022
when we collected the then unnamed and distinctively coloured species, and
multiple co-authors including the first author were aware that we were work-
ing in Tamil Nadu on Cnemaspis among other lizards (Sayyed et al. 20233,
b). While it is not unexpected that multiple workers may find the same unde-
scribed species, what happens next is important. This is a matter of concern
for the scientific community at large, and the Indian herpetological commu-
nity in particular. In two other cases, even after we (AK, 1A) explicitly initiated
discussions with two groups whom we knew had collected the same species
we were in the process of describing, the other teams went ahead with their
descriptions without consultation, of Eublepharis pictus Mirza & Gnaneswar,
2022 and Cyrtodactylus (Geckoella) aravindi Narayanan et al., 2022 (Mirza and
Gnaneswar 2022; Narayanan et al. 2022). While there are more than enough
species to go around, it is in contravention of the Code of Ethics, besides being
a waste of time, effort, and resources when teams compete against one anoth-
er instead of coming together to collaborate and increase the amount of data
available in a species description.
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Appendix 1

Material examined.

Institutional and field series abbreviations are as follows: National Centre
for Biological Sciences, Bengaluru (NCBS-AU/ NCBS-BH/NRC-AA); Bombay
Natural History Society, Mumbai (BNHS); Zoological Survey of India, Western
Ghats regional station Kozhikode (ZSI/WGRC), and Akshay Khandekar field
series (AK-R).

Cnemaspis azhagu: holotype, NRC-AA-1170 (adult male); paratypes, NRC-

AA-1171, NRC-AA-1172, NRC-AA-1174, BNHS 2818, BNHS 2819, BNHS 2820
(adult males), BNHS 2821, (adult female), NRC-AA-1173 (subadult female),
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from Thirukurungudi forest range, Kalakad Mundanthurai Tiger Reserve,
Tirunelveli District, Tamil Nadu state, India.

Cnemaspis beddomei: AK-R 578, AK-R 579, AK-R 581-583 (adult males), AK-R
580 (adult female), from Kakachi, Kalakkad-Mundanthurai Tiger Reserve,
Tirunelveli District, India.

Cnemaspis galaxia: holotype, BNHS 2626 (adult male), from low elevation ripar-
ian forest, Srivilliputhur, Tamil Nadu; AK-R 1422, AK-R 1323, AK-R 1324, AK-R
1428, AK-R 1470, AK-R 1471, AK-R 1473 (all adults) from near Shenbaga Tho-
pu, Srivilliputhur, Virudhunagar District, Tamil Nadu, India.

Cnemaspis nairi: AK-R 894, AK-R 895 (adults), from Thenmala, Courtallam, Ten-
kasi District, Tamil Nadu, India.

Cnemaspis nigriventris: holotype, BNHS 2619 (adult male), from Achankovil
Reserve Forest, Kollam District, Kerala; AK-R 1265 and AK-R 1275 (adults),
from Mohan'’s resort, Tenkasi District, Tamil Nadu, India.

Cnemaspis nimbus: holotype, BNHS 2614 (adult male), from Mathikettan Shola
National Park, Cardamom Hills, Idukki District, Kerala, India.

Cnemaspis rashidi: AK-R 1439 and AK-R 1440 (adults), from high elevation
of Shenbaga Thopu; AK-R 1692 and AK-R 1693, from Vellimalai, Srivil-
liputhur-Megamalai Tiger Reserve, Virudhunagar and Theni Districts, Tamil
Nadu, India.

Cnemaspis regalis: holotype, BNHS 2617 (adult male); AK-R 453, AK-R 454,
AK-R 453 (adults), from Mundanthurai, Kalakkad-Mundanthurai Tiger Re-
serve, Tirunelveli District, Tamil Nadu, India.

Cnemaspis rubraoculus: holotype, BNHS 2612 (adult male) from Upper Manalar,
Periyar Tiger Reserve, Megamalai; AK-R 1728, AK-R 1729 (adults), from Vel-
limalai, AK-R 1777 (adults), from Megamalai, Srivilliputhur-Megamalai Tiger
Reserve, Theni District, Tamil Nadu, India.

Cnemaspis smaug: holotype, BNHS 2615 (adult male) from Mathikettan Shola
National Park, Cardamom Hills, Idukki District, Kerala, India.

Cnemaspis sundara: AK-R 1254 and AK-R 1266 (adults), from Mohan’s resort,
Tenkasi District, Tamil Nadu, India.

Cnemaspis wallaceii: holotype, BNHS 2613 (adult male), from Andiparai Shola,
Anamalai Hills, Coimbatore District, Tamil Nadu, India.
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Abstract

The monotypic genus Cheliceroides Zabka, 1985 is revalidated based on both molecular
sequence data (ultra-conserved elements and protein coding genes of mitochondrial
genomes) and morphological evidence. Our molecular phylogenetic analyses show that
Cheliceroides is not closely related to Colopsus Simon, 1902, not even in the same tribe,
and a comparative morphological study also demonstrates significant differences in the
genital structures (i.e. in the shape of embolus, and with or without pocket on epigynum)
of the two genera. Therefore, we remove Cheliceroides from the synonymy of Colopsus,
and its generic status is revalidated.

Key words: Colopsus, mitogenome, morphology, phylogeny, ultra-conserved element

Introduction

The jumping spider genus Cheliceroides Zabka, 1985 originally contained only
the type species, Cheliceroides longipalpis Zabka, 1985, which has been com-
monly collected from Vietnam and southern China (World Spider Catalog 2024).
A second species, Cheliceroides brevipalpis Roy, Saha & Raychaudhuri, 2016,
was later reported from India (Roy et al. 2016), but it has been transferred to
the genus Bathippus Thorell, 1892 (tribe Euophryini Simon, 1901; see Logunov
2021). Based on the results of a molecular phylogenetic study using Sanger-se-
quenced data (Maddison et al. 2014), Maddison (2015) included Cheliceroides
in the tribe Hasariini Simon, 1903 in the phylogenetic classification of jumping
spiders. Later, Logunov (2021) synonymized Cheliceroides with Colopsus Simon,
1902 based on similarities of morphological characters, such as the modified
and elongate male chelicerae and male palpal characteristics, and transferred its
type species to Colopsus, as Colopsus longipalpis (Zabka, 1985). Colopsus has
been placed in the tribe Plexippini Simon, 1901 based on other molecular phylo-
genetic results (Kanesharatnam and Benjamin 2021). However, in a recent com-
parative mitogenomic study of jumping spiders, Colopsus longipalpis was not
clustered with the other members of the tribe Plexippini on the phylogeny (Zhang
et al. 2023a), which challenged Logunov’s taxonomic treatment of Cheliceroides.
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Here we thoroughly investigate the phylogenetic placement of Cheliceroides
in relation to Colopsus and other putatively related genera using both ultra-con-
served element (UCE) and mitochondrial genome datasets. Comparative mor-
phological study on the type species of both Cheliceroides and Colopsus is car-
ried out to further clarify the taxonomic status of Cheliceroides. The implication
of phylogenomic results on the classification of salticids is also discussed.

Materials and methods

All specimens are preserved in 85-100% ethanol and stored at -20 °C. The
photographs of genitalia were taken under a Leica M205A stereomicroscope.
Photographs of palp, epigyne, and spiders were stacked using Helicon Focus v.
7 and retouched in the Adobe Photoshop CC 2022. Specimens were measured
by the measuring tool of Leica LAS v. 4.3. Female vulvae were cleared with
Pancreatin (BBI Life Sciences) or macerated in clove oil. All specimens studied
are deposited in the Museum of Hebei University, Baoding, China (MHBU). Ab-
breviations used in the study: CD, copulatory duct; CO, copulatory opening; E,
embolus; FD, fertilization duct; P, pocket; S, spermatheca; SD, sperm duct; RTA,
retrolateral tibial apophysis.

Molecular data were obtained for ultra-conserved elements (UCEs) and mitog-
enomes to compose the UCE and mitogenomic datasets, each with 46 species
(see Table 1 for detailed information). Genomic DNA extraction was performed
using the QIAGEN dNeasy Blood & Tissue Kit, and the RNA was removed with 4
pL of rNase A (Solarbio) followed by a 2-minute incubation at room temperature.
The library preparation was conducted using the NEXTFLEX Rapid DNA-Seq Kit
2.0 and the NEXTFLEX Unique Dual Index Barcodes (Set C) (Bioo Scientific)
following the protocols by Zhang et al. (2023b). UCE enrichment followed the
myBaits protocol 5.01 (Daicel Arbor Biosciences) using a modified version of
the RTA probes, the “RTA_v3” probe set (42,213 probes targeting 3818 UCE loci)
that was proposed by Zhang et al. (2023b). The enriched UCE libraries were then
sent to Novogene Co. Ltd for sequencing using the lllumina NovaSeq platform
with 150-bp paired-end reads. The UCE loci were extracted from the empirically
enriched and sequenced raw reads following the protocols applied in Zhang et
al. (2023b) with the PHYLUCE (Faircloth 2016) workflow. For ten species with
whole genome sequencing data, the genomes were first assembled using the
Phylogenomics from Low-coverage Whole-genome Sequencing (PLWS) pipe-
line (Zhang et al. 2019), and then the UCEs were harvested using the “RTA_v3”
probes and the PHYLUCE workflow (see Zhang et al. 2023b for details).

The UCEs extracted from genomes and target enrichment data were combined
and organized by locus, and then aligned using Mafft v. 7.313 (Katoh and Stand-
ley 2013) with the L-INS-I strategy. Poorly aligned regions were initially trimmed
by the heuristic method “-automated1” in Trimal v. 1.4.1 (Capella-Gutiérrez et al.
2009). We then applied Spruceup v. 2020.2.19 (Borowiec 2019) to convert the
remaining obviously misaligned fragments to gaps in each alignment (cutoff as
0.75). The gappy regions in each alignment were later masked using Seqtools
(PASTA; Mirarab et al. 2014) with “masksites = 23". Loci with trimmed alignment
length less than 200 bp or less than 50% of taxon occupancy were removed, which
resulted in 2593 loci in the final dataset for phylogenetic inference. All remaining
UCE loci were concatenated by FASconCAT v. 1.0 (Kiick and Meusemann 2010).
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Table 1. Information of the representative taxa used in the phylogenetic analyses. Accession numbers with an asterisk
(*) indicate newly obtained sequences in this study.

Subfamily Tribe DNA Voucher Species UCE SRA Mitogenomes
Code accession N
number Number Ge.nBank SRA accession
of PCGs accession number number

Salticinae Aelurillini JXZ714 Langona sp. *SRR27541575 13 *OR965550 *SRR27726447
Salticinae Aelurillini JXZ730 Phlegra aff. amitaii *SRR27541574 13 *OR965551 *SRR27726446
Salticinae Agoriini JXZ424 Synagelides agoriformis SRR22908234 13 *0OR965543 *SRR27726435
Salticinae Baviini JXZ585 Bavia capistrata *SRR27541623 12 *OR965559 *SRR27726427
Salticinae Baviini JXZ695 Maripanthus menghaiensis *SRR27541622 13 *OR965549 *SRR27726426
Salticinae Chrysillini JXZ741 Chrysilla acerosa *SRR27541611 13 *0OR965534 *SRR27726425
Salticinae Chrysillini JXZ574 Epocilla sp. *SRR27541600 13 *OR965531 *SRR27726424
Salticinae Chrysillini JXZ745 Menemerus bivittatus *SRR27541596 12 *OR965557 *SRR27541596
Salticinae Chrysillini JXZ740 Phintella cavaleriei *SRR27541595
Salticinae Chrysillini Phintella cavaleriei 13 NC060328
Salticinae Chrysillini JXZ738 Siler semiglaucus *SRR27541594 13 *OR965552 *SRR27726423
Salticinae Dendryphantini JXZ425 Marpissa milleri SRR22908225 13 *0OR965544 *SRR27726422
Salticinae Dendryphantini JXZ419 Mendoza nobilis SRR22908224 13 *OR965541 *SRR27726421
Salticinae Dendryphantini JXZ582 Rhene sp. *SRR27541593 13 *OR965545 *SRR27541593
Salticinae Euophryini JXZ358 Agobardus cordiformis *SRR27541592 13 *OR965558 *SRR27541592
Salticinae Euophryini JXZ051 Cobanus extensus *SRR27541591 13 *OR965529 *SRR27726445
Salticinae Euophryini JXZ418 Corythalia opima SRR22908229 13 0Q281589
Salticinae Euophryini JXz417 Parabathippus shelfordi SRR22908237 13 0Q429315
Salticinae Hasariini JXZ743 Bristowia heterospinosa *SRR27541621
Salticinae Hasariini Bristowia heterospinosa 13 *PP083709 DRR297628
Salticinae Hasariini JXZ584 Cheliceroides longipalpis *SRR27541620 13 *0OR965546 *SRR27726444
Salticinae Hasariini Chinattus ogatai 13 *PP083710 DRR297852
Salticinae Hasariini JXZ935 Chinattus tibialis *SRR27541619
Salticinae Hasariini JXZ587 Gedea pinguis *SRR27541618 13 *0OR965547 *SRR27726443
Salticinae Hasariini JXZ693 Hasarina sp. *SRR27541617 13 *OR965548 *SRR27726442
Salticinae Hasariini JXZ823 Hasarina sp. *SRR27541616 10 *OR987883 *SRR27541616
Salticinae Leptorchestini JXZ940 Yllenus aff. Arenarius *SRR27541615 13 *0OR965556 *SRR27541615
Salticinae Myrmarachnini JXZ414 Myrmarachne formicaria SRR22908238 13 *0OR965539 *SRR27726441
Salticinae Myrmarachnini JXZ775 Myrmarachne gisti *SRR27541614 13 *OR965555 *SRR27726440
Salticinae Nannenini JXZ578 Langerra cf. oculina *SRR27541613 13 *0OR965560 *SRR27541613
Salticinae Plexippini JXZ774 Bianor maculatus *SRR27541612
Salticinae Plexippini NZ19_9864 Bianor maculatus 13 *OR965536 SRR27728369
Salticinae Plexippini JXZ568 Burmattus pococki *SRR27541610
Salticinae Plexippini Burmattus pococki 13 *PP083711 DRR297354
Salticinae Plexippini JXZ795 cf. Colopsus sp. *SRR27541609 7 *OR987884 *SRR27541609
Salticinae Plexippini JXZ412 Evarcha albaria SRR22908228 13 *OR965538 *SRR27726439
Salticinae Plexippini JXZ807 Harmochirus brachiatus *SRR27541608
Salticinae Plexippini Harmochirus insulanus 13 *PP083708 DRR297138
Salticinae Plexippini JXZ766 Pancorius crassipes *SRR27541607
Salticinae Plexippini Pancorius crassipes 11 *PP060008 DRR297706
Salticinae Plexippini Plexippoides doenitzi 13 *PP083712 DRR297761
Salticinae Plexippini JXZ423 Plexippoides regius SRR22908236
Salticinae Plexippini JXZ436 Plexippus setipes *SRR27541606 13 *OR965530 *SRR27726438
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Subfamily

Salticinae
Salticinae
Salticinae
Salticinae
Salticinae
Salticinae
Salticinae
Salticinae
Salticinae
Salticinae
Salticinae
Spartaeinae
Spartaeinae
Spartaeinae

Spartaeinae

Tribe

Plexippini
Plexippini
Plexippini
Salticini
Salticini
Salticini
Salticini
Sitticini
Sitticini
Viciriini
Viciriini
Spartaeini
Spartaeini
Spartaeini

Spartaeini

DNA Voucher Species UCE SRA Mitogenomes
Code accession .
number Number Ge.nBank SRA accession
of PCGs = accession number number

JXZ742 Ptocasius strupifer *SRR27541605 13 *OR965553 *SRR27726437

JXZ748 Sibianor pullus *SRR27541604 13 *OR965554 *SRR27726436

JXZ734 Yaginumaella cf. medvedevi = *SRR27541603 13 *OR965533 *SRR27726434

JXZ811 Carrhotus sannio *SRR27541602

Carrhotus xanthogramma 13 NC027492

JXZ950 Salticus latidentatus *SRR27541601

YHD043 Salticus potanini 13 *OR965537 *SRR27726433

JXZ416 Attulus fasciger SRR22908231 13 *OR965540 *SRR27726432

JXz421 Attulus sinensis SRR22908230 13 *OR965542 *SRR27726431

JXZ762 Irura cf. mandarina *SRR27541599 13 *OR965535 *SRR27726430

JXZ576 Nungia epigynalis *SRR27541598 13 *0OR965532 *SRR27726429

JXz415 Portia heteroidea 13 *OR655300 *SRR27726428

JXZ573 Portia wui *SRR27541597

Spartaeus bani 11 *PP083707 DRR297090
JXZ588 Spartaeus jaegeri SRR22796423

The maximum-likelihood (ML) analyses were conducted in IQ-TREE v. 2.0.6 (Minh
et al. 2020) with the best-fitting model and optimized partition scheme inferred
using the option “m MF+MERGE". Ten independent ML tree searches (five with
random starting trees and five with parsimonious starting trees) were run with
the optimized model and partition scheme, and 5,000 replicates of ultrafast boot-
strap analysis was conducted to assess the node supports.

Mitochondrial genomes were assembled and annotated using MitoZ v. 3.4
(Meng et al. 2019) and MITOchondrial genome annotation Server (MITOS; Bernt
et al. 2013) from the raw reads of UCEs, WGS (whole genome sequencing), or
transcriptomes following the protocols described by Ding et al. (2023) and Zhang
et al. (2023b). In addition, two mitochondrial genomes were downloaded from the
GenBank. Thirteen mitochondrial protein-coding genes (PCGs) were extracted for
phylogenetic analysis. Each of the 13 PCGs was aligned using Mafft v. 7.505 (Ka-
toh and Standley 2013) with the L-INS-i strategy, and then the gaps and misaligned
sites were trimmed in Trimal v. 1.2rev57 (Capella-Gutiérrez et al. 2009) with the
“automated1” mode. The trimmed alignments were concatenated in PhyloSuite v.
1.2.3 (Zhang et al. 2020), and PartitionFinder2 was used to select the best parti-
tion and model. ML analyses were performed in IQ-TREE v. 2.2.0 (Minh et al. 2020)
using the optimized model and partition scheme, and an ultrafast bootstrap anal-
ysis with 1,000 replicates was conducted to assess the node support.

Results
Molecular phylogeny

The newly sequenced raw reads and assembled mitogenomes were submitted
to the GenBank with accession numbers provided in Table 1. The phylogenies
resulted from the UCE and 13-mitochondrial-PCG datasets are presented in
Figs 1, 2. Both results show that Cheliceroides longipalpis (JXZ584) is distant-
ly related to Plexippini, including a potential species of Colopsus (JXZ795).
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Figures 1, 2. Phylogenetic results 1 maximum-likelihood tree from the UCE dataset 2 maximum-likelihood tree from the
13-mitochondrial-PCG dataset; numbers along the branches indicate bootstrap support.
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In the UCE phylogeny, Cheliceroides longipalpis is recovered as sister to the
clade with Hasariini (excluding Bristowia Reimoser, 1934), Agoriini, and Chry-
sillini (Fig. 1), whereas in the mitogenomic phylogeny it is clustered as sister
to other Hasariini (excluding Bristowia; Fig. 2). Therefore, the molecular phylo-
genetic results support removing Cheliceroides from the synonymy of Colop-
sus. Other implications of the molecular phylogenetic results are addressed
in the discussion.

Taxonomy

Cheliceroides Zabka, 1985, stat. rev.
Cheliceroides Zabka, 1985: 209.

Type species. Cheliceroides longipalpis Zabka, 1985, by monotypy.

Cheliceroides longipalpis Zabka, 1985
Figs 3-18

Cheliceroides longipalpis Zabka, 1985: 210, figs 76—80; Peng and Xie 1993: 81,
figs 5-10; Peng 2020: 62, fig. 25a-h.

Colopsus longipalpis: Logunov 2021: 1024, figs 2—-16 (transferred from Cheli-
ceroides).

Diagnosis. Cheliceroides longipalpis differs from members of Hasariini by the
presence of iridescent scales on the body (Figs 4, 6, 7, 12), the elongate male
chelicera, the male palp with long and whip-like embolus originating at 2 o'clock
(left palp) and coiling around the rounded tegulum (Figs 9-11, 16), and the
female epigynum with anterior window-like structure and relatively long and
coiled copulatory ducts (Figs 14, 15,17, 18). It is similar to Colopsus species in
having modified and elongate male chelicera and a relatively long male palpal
tibia (equal to or longer than the cymbium) (Zabka 1985: 210; Logunov 2021:
1023-1024; Kanesharatnam and Benjamin 2021: 54; Fig. 3), but it can be dis-
tinguished by the S-shaped trajectory of the sperm duct on the tegulum of the
male palp (vs C-shaped in Colopsus; compare Figs 16, 19), the longer embolus
coiling in a circle around the tegulum (vs shorter and coiling in half a circle at
most in Colopsus; compare Figs 16, 19), the absence of epigynal coupling pock-
et on epigynum (vs with two pockets in Colopsus; compare Figs 17, 20), and the
long, coiled copulatory ducts (vs short and not obviously coiled in Colopsus;
compare Figs 18, 21).

Description. See the detailed descriptions by Zabka (1985: 210) and Logun-
ov (2021: 1024-1026).

Material examined. CHINA - 4 &, 2 Q; MHBU-ARA-00025627, MH-
BU-ARA-00025633; Guizhou, Shigian County; 27.3342°N, 108.1519°E; 650 m
elev.; 8 May 2023; Zhang et al. leg., HBUARA#2023-67.

Distribution. China, Vietnam.

Natural history. Arboreal, living on low vegetation.
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3

15

Figures 3—15. Cheliceroides longipalpis Zabka, 1985 3-6 living photos of male (3-4) and female (5-6) 7-8 male habitus,
dorsal (7) and ventral (8) view 9-11 left male palp, prolateral (9), ventral (10) and retrolateral (11) view 12-13 female
habitus, dorsal (12) and ventral (13) view 14-15 epigynum, ventral (14) and dorsal (15) view.
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0.2mm
Figures 16—-21. Comparison of genital structures of Cheliceroides longipalpis Zabka, 1985 (16-18) and the type species
of Colopsus, Colopsus cancellatus Simon, 1902 (19-21, modified from Kanesharatnam and Benjamin 2021) 16, 19 left
palp, ventral view 17, 20 epigynum, ventral view 18, 21 epigynum, dorsal view.

Discussion

Logunov (2021) synonymized Cheliceroides with Colopsus due to their simi-
larities in body coloration, male chelicerae, and palp features (see Diagnosis
above). The type species of Colopsus, C. cancellatus Simon, 1902, as well
as two other Colopsus species (C. ferruginus Kanesharatnam & Benjamin,
2021 and C. magnus Kanesharatnam & Benjamin, 2021), were included in
the molecular phylogenetic analyses using four gene regions (cytochrome
c oxidase subunit I, 18S rRNA, 28S rRNA, and histone H3), and the results
strongly supported the monophyly of Colopsus and its placement within the
tribe Plexippini (Kanesharatnam and Benjamin 2021). The genitalia struc-
tures of Colopsus show clear similarities to those of Evarcha Simon, 1902
and Pancorius Simon, 1902, both typical plexippine genera, which also sup-
ports the placement of Colopsus within Plexippini (Kanesharatnam and Ben-
jamin 2021). However, the molecular phylogenetic analyses on both UCE and
mitogenomic datasets show that Cheliceroides is not a member of Plexippini,
and is therefore not closely related to Colopsus (Figs 1, 2). Comparison of the
genital features of Cheliceroides longipalpis (type species of Cheliceroides)
and Colopsus cancellatus Simon, 1902 (type species of Colopsus) reveals
significant differences in the trajectory of sperm duct and the shape of em-
bolus of the palp in males, and the pockets and copulatory ducts of the epigy-
num in females (see Diagnosis above; Figs 16—21). Therefore, both molecu-
lar phylogeny and comparative morphology support removing Cheliceroides
from the synonymy of Colopsus. The similarities of these genera represent
an example of parallel evolution of morphological traits in separate lineages
likely due to the adaptation to a similar microhabitat, which is commonly
known in jumping spiders.
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Cheliceroides was considered to be a member of Hasariini in the phyloge-
netic classification of jumping spiders (Maddison 2015), which was supported
by the mitogenomic phylogeny but with poor support (bootstrap = 77%; Fig. 2).
The UCE phylogeny recovered Cheliceroides as sister to the clade containing
Hasariini (excluding Bristowia), Agoriini, and Chrysillini with strong support
(bootstrap = 100%; Fig. 1). This indicates the placement of Cheliceroides within
Hasariini is questionable. Another interesting finding from our study is the phy-
logenetic placement of Bristowia, which was also earlier included in the tribe
Hasariini (Maddison 2015). We included the type species, Bristowia heterospi-
nosa Reimoser, 1934 (JXZ743 and DRR297628), in our phylogenetic analyses,
and the results show that it is not closely related to other Hasariini. The UCE
phylogeny suggests it is sister to the clade containing Euophryini, Leptorchesti-
ni, Aelurillini, Salticini, and Plexippini (bootstrap = 100%; Fig. 1), and the mitog-
enomic phylogeny recovered it as sister to the clade composed of Agoriini and
Chrysillini, but with low support (bootstrap = 44%; Fig. 2). Further phylogenetic
study with an extended taxon sampling of major lineages of jumping spiders is
needed to further clarify their phylogenetic placement.
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Abstract

Three new species of the leafhopper genus Arboridia Zachvatkin 1946, Arboridia (Arbo-
ridia) furcata Han, sp. nov., Arboridia (Arboridia) rubrovittata Han, sp. nov., and Arboridia
(Arboridia) robustipenis Han, sp. nov., are described and illustrated from fruit trees in
Southwest China. A key and checklist to known species from China are provided.

Key words: Arboridia, Hemiptera, identification key, new species, taxonomy, Typhlocybinae

Introduction

The leafhopper genus Arboridia Zachvatkin, 1946 belongs to the tribe Erythro-
neurini of the subfamily Typhlocybinae (Hemiptera: Auchenorrhyncha: Cicadel-
lidae) and includes two subgenera, Arboridia Zachvatkin, 1946 and Arborifera
Sohi & Sandhu, 1971. Species feed on a variety of plants including fruit trees,
hawthorn, maple, honeysuckle, dogwood and several other plants (Song and
Li 2013). So far, 84 species have been described in this large genus, distribut-
ed throughout the Palaearctic and Oriental regions, including 25 valid species
from China (Song et al. 2016; Cao et al. 2019).

In this study, three new species are described from Guizhou, China. Photo-
graphs of the whole body, illustrations of male genitalia, and biological informa-
tion such as host plants and distributional records are provided. In addition, an
updated key to the Arboridia species from China is provided.

Materials and methods

Specimens used in this study were collected from grape, kiwi and walnut trees
in Guizhou, China using a sweep net. A Nikon SMZ 1270 microscope was used
to dissect the specimens and an Olympus CX41 microscope for observing and
drawing the male genitalia. A KEYENCE VHX-6000 digital microscope was used
to take pictures of the male habitus. Morphological terminology used in this
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work follows Dietrich (2005) and Dworakowska (1993). All specimens exam-
ined in this study are deposited in the Institute of Entomology, Guizhou Univer-
sity, China (GUGC).

Taxonomy

Arboridia Zachvatkin

Arboridia Zachvatkin, 1946:153. Type species. Typhlocyba parvula Boheman, 1845.
Khoduma Dworakowska, 1972: 403. Synonymised by Dworakowska and Virak-
tamath (1975: 529). Type species. Khoduma jacobii Dworakowska, 1972.

Diagnosis. Head slightly narrower than pronotum, crown weakly produced with
fore margin rounded. Head and thorax yellow; vertex usually with pair of dark
subapical spots; pronotum usually with irregular brown symmetric markings;
scutellum with brown basal triangles. Forewing either without marking, with
oblique vittae or with dark spots. Ventral abdominal apodemes small and ex-
tended to or beyond posterior margin of 3 sternite. Male pygofer with wide-
spread microtrichia and several small rigid setae on inner surface of hind
margin; dorsal appendage present, free from pygofer side; ventral appendage
absent; phragma lobe with spine-like setae present on each side of aedeagus,
attached to dorsal apodeme of aedeagus by ligaments (Fig. 51). Subgenital
plate upturned apically with lateral margin basally expanded triangular shaped
with 2—4 lateral macrosetae in an oblique row slightly basad of midlength; lat-
eral margin with short spine-like setae. Style apex usually with 3 points, some-
times 2" point absent. Aedeagus with shaft laterally compressed, usually with
processes, gonopore apical on ventral surface; dorsal apodeme and preatrium
present or absent. Connective U- or V- shaped with median anterior lobe absent.
Distribution. Palaearctic and Oriental regions.

Checklist of Chinese species of Arboridia

1. Arboridia agrillacea (Anufriev, 1969b: 182-183, fig. 13: 1-6, Erythroneura);
Anufriev, 1978a: 87, transferred to Arboridia; Song & Li, 2013: 243-244, figs
J, J, ji, 63—69; Arboridia koreana Oh & Jung, 2015: 447-448, figs 1, 3, 5, 7,
9-15, synonym. Distribution: Gansu, Guangxi, Guizhou, Henan, Shaanxi, Si-
chuan.

2. Arboridia anteoculara Song & Li, 2013: 230-233, figs A, a, 1-7. Distribution:
Guizhou.

3. Arboridia apicalis (Nawa, 1913a: 480-486, PI. 24, Zygina); Cockerell, 1920a:
247, Erythroneura; Erythroneura sandagouensis Vilbaste, 1968a: 108, syn-
onym; Anufriev, 1969b: 185-186, fig. 15: 8—13; Dworakowska, 1970g: 607-
608, fig. 18, transferred to Arboridia. Distribution: Anhui, Guizhou, Hebei,
Henan, Hubei, Jiangsuy, Liaoning, Shannxi, Shandong, Taiwan, Zhejiang.

4. Arboridia baiyunensis Song & Li, 2013: 233-234, figs B, b, 8-14. Distribution:
Henan.

5. Arboridia (Arborifera) changlingensis Jiang, Luo & Song, 2021: 354-355, figs
5-8, 27-34. Distribution: Guizhou.
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6. Arboridia cincta Song & Li, 2015: 585-587, figs A-C, 1-7. Distribution: Henan.

7. Arboridia cuihuashana Song & Li, 2013: 237-238, figs E, e, 29-35. Distribu-
tion: Shaanxi.

8. Arboridia echinata Song & Li, 2013: 239-240, figs G, g, gg, 42—-48. Distribu-
tion: Guizhou.

9. Arboridia furcata Han, sp. nov. Distribution: Guizhou.

10. Arboridia huajiangensis Jiang, Luo & Song, 2021: 351-353, figs 1-4, 9-26.
Distribution: Guizhou.

11. Arboridia jinghongensis Pu, Wang & Song, 2023: 296—-297, figs 1a—f, 2a—h.
Distribution: Yunnan.

12. Arboridia kakogawana (Matsumura, 1932: 113, Zygina); Ishihara, 1953b: 33,
Erythroneura; Dworakowska, 1970g: 610, figs 25-29, transferred to Arboridia.
Distribution: Beijing, Guizhou, Shandong, Xinjiang.

13. Arboridia lunula Song & Li, 2013: 234-236, figs D, d, 22-28. Distribution:
Guizhou.

14. Arboridia luojiashangensis Zhang, Jiang & Song, 2022: 6-8, figs 21-32. Dis-
tribution: Guizhou.

15. Arboridia maculifrons (Vilbaste, 1968a: 107, Erythroneura); Dworakowska,
1970g: 611, figs 19-22, transferred to Arboridia. Distribution: Guizhou, Hebei.

16. Arboridia ochracea Song & Li, 2015: 587-588, figs D—F, 8-15. Distribution:
Henan.

17. Arboridia paraprocessa Song & Li, 2013: 239, figs F, f, 36—41. Distribution:
Guizhou, Henan.

18. Arboridia reniformis Song & Li, 2013: 234, figs C, ¢, cc, 15-21. Distribution:
Yunnan.

19. Arboridia remmi (Vilbaste, 1968a: 103, Erythroneura); Anufriev, 1969b: 183-
184, figs 15: 1-7; Dworakowska, 1970g: 613, transferred to Arboridia. Distri-
bution: Guizhou.

20. Arboridia robustipenis Han, sp. nov. Distribution: Guizhou.

21. Arboridia rubrovittata Han, sp. nov. Distribution: Guizhou.

22. Arboridia sinensis Guglielmino, Xu, Buckle & Dong, 2012: 878-881, figs 1:
A-F, 2: A-B. Distribution: Yunnan.

23. Arboridia suputinkaensis (Vilbaste, 1968a: 109, Erythroneura); Dworakow-
ska, 1970g: 613, transferred to Arboridia. Distribution: Henan, Zhejiang.
https://hoppers.speciesfile.org/otus/43920/overview (Dmitriev et al. 2022)

24. Arboridia (Arborifera) surstyli Cai & Xu, 2006: 75-76, figs 1: 1-10. Distribu-
tion: Henan, Zhejiang.

25. Arboridia suzukii (Matsumura, 1916b: 396, Zygina); Ishihara, 1953b: 34,
Erythroneura; Erythroneura arboricola Vilbaste, 1968a: 101, synonym; Dwor-
akowska, 1970g: 613, transferred to Arboridia. Distribution: Gansu, Guizhou,
shannxi, shanxi, Taiwan. https://hoppers.speciesfile.org/otus/43922/over-
view.

26. Arboridia tridentata Song & Li, 2013: 240-241, figs H, h, 49-55. Distribution:
Yunnan.

27. Arboridia xiaotungensis Zhang, Jiang & Song, 2022: 2-5, figs 1-20. Distri-
bution: Guizhou.

28. Arboridia zhenyuana Song & Li, 2013: 242-243, figs |, i, 56—62. Distribution:
Gansu.
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Key to species (males) of Arboridia species from China
(modified from Jiang et al. 2021)

1

2

10

11

12

13

14

15

16

17

18

19

Preatrium of aedeagus short or absent (Arborifera)........c.ccccecvevevvevereennne. 2
Preatrium of aedeagus well developed (Figs 24, 39, 55) (Arboridia) ........... 3
Aedeagal shaft with pair of sharp inverted processes on dorsal margin......
........................................................................................................... A. surstyli

Aedeagal shaft with one broad triangular process on dorsal margin............
.............................................................................................. A. changlingensis
Aedeagus without process, shaft with pair of lateral flanges...................... 4
Aedeagus with processes, shaft without pair of lateral flanges................... 6
Aedeagal shaft with lateral flanges serrate...........c..ccccccveneeee. A. zhenyuana
Aedeagal shaft with lateral flanges not serrate...........c.cccooeeeeiieieeiccee 5
Aedeagal shaft with lateral flanges narrow, entire...................... A. agrillacea
Aedeagal shaft with larger lateral flanges partly wrapped around shaft.......
................................................................................................ A. jinghongensis

Aedeagus With ONE PrOCESS ......cooieieiiiiieeeeeee et 7
Aedeagus with more than one ProCess ...........cccoeveeieviieieeieeieeeeee e 9
Aedeagus with process arising from preatrium ............................ A. apicalis
Aedeagus with process arising from midlength of shaft.............................. 8
Aedeagus with dorsal apodeme extremely expanded in lateral view............
.......................................................................................................... A. sinensis
Aedeagus with dorsal apodeme narrow in lateral view ............. A. tridentata
Aedeagus with one or two pairs of processes ...........ccccoevveviecieecieeiecnnenee. 10
Aedeagus with three or more proCesses .........ccovveveeieeeececceeceeeeee 19

Aedeagal shaft with two pairs of processes, one at apex and one at base ..
........................................................................................................ A. ochracea
Aedeagal shaft with one pair of processes arising from apex or base .....11

Aedeagus with processes arising from base of shaft.............cccccoccoeen. 12
Aedeagus with processes arising from apex of shaft .............cccceeei. 15
Aedeagus with two pairs of basal processes...........cc.......... A. anteoculara
Aedeagus with one pair of basal processes..........ccccceveieiiicicecieen. 13

Aedeagus with processes slender and bent basad apically (Figs 17, 24).....
............................................................................................. A. furcata sp. nov.
Aedeagus with processes stout and straight...........ccccooeieiieiieciicicee, 14
Aedeagus with dorsal apodeme narrow in lateral view ................... A. lunula
Aedeagus with dorsal apodeme extremely expanded in lateral view............
................................................................................................... A. maculifrons

Aedeagus with apical processes directed basally .............cccevevieniennnnen. 16
Aedeagus with apical processes directed distally............ccccoevvecieiennnnn. 18
Apex of aedeagal shaft acuminate in ventral view.......................... A. cincta
Apex of aedeagal shaft truncate in ventral view .............cccocooevieiieciennnn. 17
Aedeagus without subapical bifurcation in ventral view .......... A. reniformis
Aedeagus with subapical bifurcation in ventral view.......... A. xiaotungensis
Aedeagal shaft without spines..........ccccceeevieiiiiiiiiiicee, A. cuihuashana
Aedeagal shaft with numerous short spines...........ccccccceveeneennn. A. echinata
Aedeagal shaft with two or three processes at midlength......................... 20
Aedeagal shaft with one pair of apical processes..........cccocveevecieciienennen. 22
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20 Aedeagal shaft with three processes subbasally, a pair of upper bifurcate
processes and a slightly more ventral process (Figs 35, 40) .......cccocveveuennnne.
...................................................................................... A. rubrovittata sp. nov.

— Aedeagal shaft with two processes at midlength.............c.cccoeoeiiiinann 21

21 Aedeagal shaft with two processes fused for 2/3 of their length (Figs 50—
57, 55756) .ttt A. robustipenis sp. nov.

— Aedeagal shaft with two processes one above the other...A. luojiashangensis

22 Apical processes of aedeagal shaft directed basally ...........ccccooeieinenn. 23

— Apical processes of aedeagal shaft directed distally .............cccoceuveninnnnn. 24

23 Aedeagal shaft with slender apical processes, without ventral protrusion...
.............................................................................................. A. suputinkaensis

— Aedeagal shaft with short apical processes, with small ventral protrusion..
................................................................................................ A. huajiangensis

24 Preatrium of aedeagus longer than shaft............ccccooceiiiiiieciiinc, 25
— Preatrium of aedeagus shorter than shaft ...............cccooieiiiiiii 26
25 Aedeagal shaft with numerous short spines.............cccccooeeieienn. A. suzukii
- Aedeagal shaft without SPINES ..........ccccovieiiiiiieeee e, A. remmi
26 Aedeagal shaft with distinct extension at midlength............. A. baiyunensis
— Aedeagal shaft without extension at midlength................ccccccoooiii 27
27 Aedeagus with dorsal apodeme and shaft narrow in lateral view; preatrium

with a long ventral proCess.........cccocvevvevvieciiccieeiiciecieeeee A. paraprocessa
— Aedeagus with dorsal apodeme and shaft expanded in lateral view; preatri-

um with a short ventral process..........ccocoeoeoeieiiieiieiene. A. kakogawana

Arboridia (Arboridia) furcata Han, sp. nov.
https://zoobank.org/92B51DA2-4F3F-40E6-9F01-D8D34BAD4884
Figs 1-4,14-28

Description. Dorsum yellowish brown; eyes grey with posterior margin beige; ver-
tex with a pair of black spots subapically; coronal suture indistinct distally, pale
brown basally (Figs 1-3). Face yellowish brown with median area of frontocly-
peus and anteclypeus brighter towards apex; lorum and gena whitish (Fig. 4). Pro-
notum yellowish brown with brownish spots at anterior margin. Scutellum yellow
with lateral triangles dark brown (Fig. 3). Forewing hyaline, veins brown. Abdomi-
nal tergites black; sternites milky white; subgenital plate dark apically (Figs 2, 14).
Ventral abdominal apodemes small, extended to 4" sternite (Figs 18, 27).
Male genitalia. Pygofer dorsal appendage simple, slender and wavy, with the
apex obliquely truncate (Figs 14, 21). Subgenital plate with 3 lateral macrose-
tae in an oblique row slightly basad of midlength laterally (Figs 15, 16, 22, 23).
Style long and slender, apex with 3 points; preapical lobe well developed; several
small tubercles subapically and at midlength (Figs 20, 26). Aedeagal shaft long
and stout, slightly laterally compressed, a pair of long slender basal processes
on ventral surface of the shaft, parallel to the shaft in their basal half, then sharp-
ly turned in proximal direction in their distal half (Figs 17, 19, 24, 25); dorsal
apodeme short and robust, expanded laterally at apex; preatrium short (Figs 17,
24). Connective U-shaped, with lateral arms long and stem broad (Figs 19, 28).
Measurement. Body length males 3.0-3.2 mm, females 3.2-3.3 mm.
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Figures 1—13. External morphology of Arboridia species 1—4 Arboridia furcata Han, sp. nov. 1 habitus, dorsal view 2 hab-
itus, lateral view 3 head and thorax, dorsal view 4 face 5-9 Arboridia rubrovittata Han, sp. nov. 5 habitus, dorsal view
6 habitus, lateral view 7, 8 head and thorax, dorsal view 9 face 10-13 Arboridia robustipenis Han, sp. nov. 10 habitus,
dorsal view 11 habitus, lateral view 12 head and thorax, dorsal view 13 face. Scale bars: 0.5 mm.
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Figures 14-20. Arboridia (A.) furcata Han, sp. nov. 14 male genitalia, lateral view 15 subgenital plate, dorsal view 16 sub-
genital plate, ventral view 17 aedeagus, connective and style, lateral view 18 abdominal apodemes 19 aedeagus, connec-
tive and style, ventral view 20 style, lateral view. Scale bars: 0.1 mm.

Specimen examined. Holotype J: CHINA, Guizhou Prov., Dejiang, 22.VI1.2017,
coll. Chang Han and Bin Yan, on grape (GUGC). Paratypes: 553, 529, same
data as holotype.

Etymology. The new species is named from the Latin word “furcatus”, refer-
ring to the forked aedeagal process.

Remarks. The new species is similar to Arboridia (A.) anteoculara Song & Li,
2013, but differs in only having a pair of processes on the ventrobasal surface
of aedeagal shaft (Figs 17, 24); the latter species having two pairs of processes
and arising from both sides of the aedeagal shaft.

Host. Vitis vinifera L. (grape).
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28 26

Figures 21-28. Arboridia (A.) furcata Han, sp. nov. 21 male pygofer, lateral view 22 subgenital plate, ventral view 23 sub-
genital plate, dorsal view 24 aedeagus, lateral view 25 aedeagus, ventral view 26 style, lateral view 27 abdominal apode-

mes 28 connective.
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Arboridia (Arboridia) rubrovittata Han, sp. nov.
https://zoobank.org/AE69B8DF-EB76-4CB8-AOEA-B9EBAD1FCB43
Figs 5-9,29-44

Description. Dorsum orange, yellow or beige. Eyes black, inner and posterior mar-
gins white (Figs 5, 6). Vertex without pair of dark spots, with a white patch each
side of midline basally; coronal suture orangeyellow (Figs 5,7,8). Face orange yel-
low. Pronotum with ivory or pale white streaks situated laterad of anterior margin.

Figures 29-36. Arboridia (Arboridia) rubrovittata Han, sp. nov. 29 male genitalia, lateral view 30 style, lateral view 31 sub-
genital plate 32 abdominal apodemes 33 aedeagus, connective and style, lateral view 34 aedeagus, lateral view 35 ae-
deagus, ventral view 36 aedeagus, connective and style, ventral view. Scale bars: 0.1 mm.
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44

Figures 37-44. Arboridia (Arboridia) rubrovittata Han, sp. nov. 37 male pygofer, lateral view 38 subgenital plate 39 ae-
deagus, lateral view 40 aedeagus, ventral view 41 style, lateral view 42 style apex, ventral view 43 abdominal apodemes

44 connective.
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50 - 51 \ 52

Figures 45-52. Arboridia (Arboridia) robustipenis Han, sp. nov. 45 male genitalia, lateral view 46 style, lateral view 47 sub-
genital plate 48 aedeagus, connective and style, lateral view 49 abdominal apodemes 50 aedeagus, lateral view 51 ae-
deagus & pygofer dorsal appendage, ventral view 52 aedeagus, connective and style, ventral view. Scale bars: 0.1 mm.

Scutellum pale or whitish yellow with lateral triangles dark to pale brown (Figs
5,7, 8). Forewing with oblique pale reddish-orange vittae in clavus and adjacent
area of wing. Abdominal segments milky yellow, tergites with segment margins
brown. Subgenital plate with nearly 2/3 apically dark (Figs 5, 6).

Ventral abdominal apodemes small, extended to posterior margin of 3 ster-
nite (Figs 32, 43).

Male genitalia. Pygofer dorsal appendage claw-like (Figs 29, 37). Subgenital
plate with 3 lateral macrosetae in an oblique row slightly basad of midlength
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(Figs 31, 38). Style slender, with 2 points, heel point small; sword-like apically with
transverse wrinkles in lateral view (Figs 30, 41), serrated in ventral view (Fig. 42).
Aedeagus relatively small, shaft laterally compressed, digitate and slightly up-
turned in lateral view; subbasally with three processes, two basal processes and a
single unpaired spike basad, the distal paired processes divergent with branches
slender, the proximal process slightly shorter and more robust, finger-like in ven-
tral view (Figs 34, 35, 39, 40); preatrium long. Connective V-shaped (Figs 36, 44).

Measurement. Body length males 2.7-2.9 mm, females 2.9-3.0 mm.

Specimen examined. Holotype J&: CHINA, Guizhou Prov., Jianhe, 26.V.2017,
coll. Chang Han and Yaowen Zhang, on kiwi (GUGC). Paratypes: 2353, 2522,
same data as holotype on kiwi; 343, 622, CHINA, Guizhou Prov., Wujiang,
19.V.2017, coll. Chang Han and Bin Yan, on walnut (GUGC).

Etymology. The new species name is derived from the Latin words “ruber”
(red) and “vittatus” (banded), referring to the reddish-orange oblique stripes on
the forewings.

Remarks. The new species can be distinguished from most Arboridia species
by its vertex and pronotum without dark spots (Figs 5, 7, 8) and reddish-orange
stripes on the forewing. Its male genitalia is similar to A. (A.) lunula Song & Li, 2013,
but can be distinguished by the sword-like apex of the style and aedeagus with
three basal ventral processes, the upper paired processes slender (Figs 34, 39).

Host. Actinidia chinensis Planch (kiwi fruit); Juglans regia L. (walnut).

Arboridia (Arboridia) robustipenis Han, sp. nov.
https://zoobank.org/C2FOCB93-2BA0-498A-878F-F91A7FE2D8DD
Figs 10-13, 45-59

Description. Head with eyes black with posterior margin pearl white; crown
yellow with a dark yellow spot at apex, an adjacent brown spot posteriorly on
each side of midline and a brown patch at base of coronal suture (Figs 10-12).
Face pale yellow, with anteclypeus brown apically; gena whitish yellow (Fig.
13). Pronotum semitransparent with brown markings (Fig. 12). Scutellum yel-
low with lateral triangles dark brown (Fig. 12). Forewing brownish hyaline with
off-white patch in clavus and brochosome region. Abdominal segments dark
brown, sternites with yellow hind margins of segments; subgenital plates black
apically (Figs 10, 11).

Abdominal apodemes small, not exceeding posterior margin of 3™ sternite
(Figs 49, 58).

Male genitalia. Pygofer dorsal appendage tapering and curved ventrad (Figs
45, 53). Subgenital plate with 3 lateral macrosetae in an oblique row slightly
basad of midlength (Figs 47, 54). Style apex with two triangular points; preapical
lobe well developed (Figs 46, 57). Aedeagal shaft strongly laterally compressed
and “C” shaped with apex upturned in lateral view, with two basal processes
fused for 2/3 of their length at midlength of ventral margin; preatrium long, with
a thorn-like basal projection (Figs 50—51, 55-56). Connective V-shaped with
stem reduced (Figs 52, 59).

Measurement. Body length males 2.9-3.2 mm, females 3.0-3.3 mm.
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Figures 53-59. Arboridia (Arboridia) robustipenis Han, sp. nov. 53 male pygofer, lateral view 54 subgenital plate 55 ae-
deagus, lateral view 56 aedeagus, ventral view 57 style, lateral view 58 abdominal apodemes 59 connective.
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Specimen examined. Holotype: &, CHINA, Guizhou Prov., Wujiang, 19.V.2017,
coll. Chang Han and Bin Yan, on walnut (GUGC). Paratypes: 533, 799, same
data as holotype on walnut; 50836199, CHINA, Guizhou Prov., Xiuwen,
19.VII.2017, coll. Chang Han and Bin Yan, on kiwi (GUGC)

Etymology. The new species name is derived from the Latin words “robus-
tus” and “penis”, and refers to the robust aedeagal shaft in lateral view.

Remarks. The new species can be distinguished from A. (A.) luojiashangensis
Zhang & Song, 2022 by the aedeagus with strongly laterally compressed shaft
“C” shaped; the paired basal processes fused for 2/3 of their length like a forked
tongue (Figs 50-51, 55-56); and the preatrium with a thorn-like basal projection.

Host. Actinidia chinensis Planch (kiwi fruit); Juglans regia L. (walnut).
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Abstract

A new species of pomatiopsid freshwater snail, Fenouilia undata Chen & He, sp. nov., is
described from Guangxi, China, based on morphological and molecular evidence. The
new species can be distinguished from its congeners by the following combination of
characters: shell with low, prosocline, rounded axial ribs and fine spiral striae, broader
than high; aperture broader than shell height; radula with lateral teeth have only two or
three faint, wavy ridges on inner side. A molecular analysis of partial mitochondrial COI
and 16S DNA sequences supports the systematic position of the new taxon.

Key words: Diversity, southern China, taxonomy, Triculinae

Introduction

Pomatiopsidae Stimpson, 1865 is a family of minute snails with shells usually
1-10 mm high. However, a few species can reach up to 20 mm in high. Typically,
pomatiopsids inhabit rivers and streams, while some species also occur in brack-
ish water or even in damp places on land (Liu et al. 1993; Lydeard and Cummings
2019). Shells of pomatiopsids vary in shape from spherical to oval, conical, or
tower-shaped (Liu et al. 1979a). The Pomatiopsidae is widely distributed in Asia,
South America, North America, Africa, and Australia. It is one of the most spe-
cies-rich freshwater gastropod families, with approximately 36 recognized gen-
era (Gerlach 2003; Ho and Dang 2010; Lydeard and Cummings 2019). There two
main hypotheses about the origin of the Pomatiopsidae are that they originated
in either Gondwanaland origin (Davis 1979) or Australia (Attwood 2009); neither
of these hypotheses has been completely rejected yet by multilocus phyloge-
netic analyses (Kameda and Kato 2011; Wilke et al. 2013). The genus and spe-
cies-level classification are poorly understood (Lydeard and Cummings 2019).

The tropical hills and rivers of China have rich biodiversity and are home to
many species of freshwater snails. With at least 18 genera, China has the high-
est species richness of Pomatiopsidae in the world (Fulton 1904; Kang 1983;
Davis et al. 1984; Davis et al. 1990; Davis et al. 1992; Zhang et al. 1997; Xiong
and Li 2008; Lydeard and Cummings 2019).
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In China, Pomatiopsidae are mainly distributed in the southwestern region
(Shu et al. 2014), but the biodiversity of these freshwater snails is likely under-
estimated, especially in remote regions. Guangxi Province is in southwestern
China, and 44 species of freshwater gastropods have been recorded from there
(Liang 2023). However, only two genera of Pomatiopsidae have been recorded
so far; Oncomelania (Gredler, 1881) and Tricula (Benson, 1843) occur in moun-
tainous streams in the north of the province (Liu et al. 1979b).

In a recent survey in the Longjiang River, Hechi City, Guangxi, China, a new
species of freshwater snail belonging to the genus Fenouilia Heude, 1889 was
discovered. On comparison of its morphological traits with those of other
freshwater snails known from this area, we conclude that this species is indeed
undescribed. The new species can be distinguished from its congener Fenouil-
ia kreitneri (Neumayr, 1880) by having low, rounded axial ribs on its shell, which
is unique to this species. Molecular phylogenetic analyses, based on partial
sequences of the mitochondrial 16S rRNA (16S) and COI genes, provide addi-
tional evidence supporting the novelty of this species. Our study contributes to
a better understanding of pomatiopsid diversity in China and encourages the
further exploration of freshwater gastropods in the region.

Materials and methods
Materials and morphological examination

All specimens were collected by hand in August 2022 and March 2023 on the
Longjiang River, Yizhou District, Hechi City, Guangxi Province, China (Fig. 1).
They were preserved in 95% ethanol and have been deposited in the Jiangsu
Key Laboratory for Biodiversity and Biotechnology, Nanjing Normal University
(NNU), Nanjing, China.

Before taking any action, preserved samples were soaked overnight in a sa-
line solution. The tissue was extracted using anatomical needles. The shell and
operculum were cleaned with a fine brush and then flushed with distilled water
and photographed under a Nikon SMZ645 stereomicroscope. For traditional
morphometrics, we measured five shell characteristics to the nearest 0.01 mm
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Figure 1. Known distribution of Fenouilia undata sp. nov. (Hechi City), and collection site (Longjiang River).
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for each individual using digital calipers as follows: (1) shell height (H), which
is the maximum dimension parallel to the axis of coiling; (2) shell width (W), the
maximum dimension perpendicular to H; (3) length of aperture (LA), the max-
imum dimension from the junction of the outer lip with the penultimate whorl
to the anterior lip; (4) width of aperture (WA), the maximum dimension perpen-
dicular to LA; and (5) height of the body whorl (BW), the dimension from the
lower margin of the aperture to the upper suture delimiting the first whorl. Other
terminology used follows Liu et al. (1979a), Strong (2011), and Du et al. (2019).

Radulae were dissected from the buccal masses of three specimens and
cleaned enzymatically with proteinase K following Du and Yang (2023); they
were sonicated, mounted on aluminum specimen stubs with adhesive pads, and
then observed using a JEOL JSM5610LV scanning electron microscope (SEM).

DNA extraction, PCR amplification, and phylogenetic analyses

Total genomic DNA was extracted from foot tissue of three ethanol-preserved
specimens using a Trelief TM Animal Genomic DNA kit (Tsingke®). Partial se-
quences of 16S rDNA were amplified using the universal primer set 16Sar CG-
CCTGTTTATCAAAAACAT and 16Sbr CCGGTCTGAACTCAGATCACGT (Kessing
et al. 1989). Partial sequences of COI were amplified using LCO1490 GCTCAA-
CAAATCATAAAGATATT (Folmer et al. 1994) and HCO2198 TAWACTTCTGGGT-
GKCCAAARAAAT (Glaubrecht and Rintelen von 2003).

Each PCR reaction was performed in a total volume of 20 pL, including 9 pL
of PCR mix, 8 pL of double distilled water, 1 pyL of each primer and 1 pL of the
DNA template. The PCR conditions were as follows: initial denaturation at 95 °C
for 3 min; 35 cycles of denaturation at 95 °C for 40 s, annealing at 55 °C for 30 s
and extension at 72 °C for 30 s; and final extension at 72 °C for 7 min. Both ends
of sequences were obtained by automated sequencing using Applied Biosyste-
ms 3730 in Sangon Biotech Co. Ltd (Shanghai, China). In addition, two individ-
uals of Lithoglyphopsis modesta (Gredler, 1886) and one of Fenouilia kreitneri
(Neumayr, 1880) had their 16S rDNA extracted in this study.

To clarify the generic relationship of the new species, we included 16 se-
qguences generated in this study with addition of 16S and COI gene sequences of
49 specimens representing 26 genera and 41 species, which were downloaded
from GenBank (Table 1); Lithoglyphus naticoides (L. Pfeiffer, 1828) was used as
the outgroup. Sequences obtained in the present study have been deposited in
GenBank (for accession numbers, see Table 1). Sequences were aligned using
MAFFT v. 7.505 based on the L-INS-i method (Katoh and Toh 2008). Pairwise dis-
tances between species were calculated using MEGA X (Kumar et al. 2018). The
16S rDNA and COIl were concatenated in PHYLOSUITE v. 2.3 (Zhang et al. 2020).

The best-substitution model was selected using the corrected Bayesian infor-
mation criterion (BIC) in MODELFINDER v. 2.2.0 (Kalyaanamoorthy et al. 2017).
For Bayesian analysis, two runs were performed simultaneously with four Markov
chains starting from a random tree. Bayesian-inference and maximum-likelihood
analyses were performed using MrBayes v. 3.2.7 (Ronquist et al. 2012) and IQTREE
v. 2.2 (Minh et al. 2020), respectively, with reference to the selected model of se-
quence evolution. Bayesian posterior probabilities (BPPs) of nodes were deter-
mined using Metropolis-coupled Markov chains (one cold chain) for 2 million gener-
ations, with sampling every 1,000 generations. The first 25% of sampled trees were
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Table 1. Nucleotide compositions of partial 16S rDNA and COI sequences of specimens investigated in this study.

Genus

Lithoglyphus
Bythinella

Paludinella

Erhaia
Akiyoshia
Bithynia
Pomatiopsis
Robertsiella

Pachydrobia

Jullienia
Hubendickia

Jinghongia

Manningiella

Tricula

Oncomelania

Blanfordia

Cecina

Neotricula
Gammatricula
Lacunopsis
Delavaya
Paraprososthenia

Lithoglyphopsis

Fenouilia

Kunmingia

Species

Lithoglyphus naticoides
Bythinella austriaca
Bythinella austriaca
Bythinella carinulata
Paludinella minima
Paludinella minima
Paludinella kuzuuensis
Erhaia jianouensis

Erhaia wangchuki
Akiyoshia kobayashii
Bithynia tentaculata
Pomatiopsis lapidaria
Robertsiella sp.
Pachydrobia munensis
Pachydrobia sp.

Jullienia rolfbrandti
Hubendickia schuetti
Hubendickia spiralis
Jinghongia jinghongensis
Manningiella velimirovici
Manningiella conica
Manningiella polita
Tricula bambooensis
Tricula ludongbini

Tricula hudiequanensis
Tricula hongshanensis
Oncomelania hupensis robertsoni
Oncomelania hupensis robertsoni
Oncomelania minima
Blanfordia integra
Blanfordia japonica japonica
Cecina manchurica
Cecina manchurica
Neotricula burchi
Neotricula aperta
Gammatricula fujianensis
Gammatricula shini
Gammatricula chinensis
Lacunopsis munensis
Delavaya dianchiensis
Paraprososthenia levayi
Lithoglyphopsis modesta
Lithoglyphopsis modesta
Fenouilia kreitneri
Fenouilia undata sp. nov.
Fenouilia undata sp. nov.
Fenouilia undata sp. nov.
Kunmingia kunmingensis

Kunmingia kunmingensis
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16S

AF445341
FJ028832
FJ028831

FJ028884
AB822685
AB822686
AB822695
AF212894
KY798003
AB611822
FJ160288
AY676118
AF531548
KC832721
KC832711
KC832718
KC832709
KC832710
KC832728
KC832716
KC832719
KC832715
KC832720
KC832717
KC832712
EF394876
DQ212900
DQ212901
AB611790
AB611722
AB611726
AB611746
AB611742
AF531542
MF663277
AF212896
AB611798
EU573993
KC832726
KC832713
KC832708
OR515659
OR515660
OR515658
OR515661
OR515662
OR515663
OR784230
OR784231

GenBank
col

AF445332
FJ028942
FJ028943
FJ029100
AB822663
AB822664
AB822675
AF213340
MT237715
AB611823
JX970605
AF367636
AF531550
KC832700
KC832690
KC832697
KC832688
KC832689
KC832707
KC832695
KC832698
KC832694
KC832699
KC832696
KC832691
EF394896
DQ212855
DQ212856
AB611795
AB611723
AB611727
AB611747
AB611743
AF531544
MF663265
AF213342
AB611799
AF253067
KC832705
KC832692
KC832687
PP327217
PP327222
PP340173
PP333612
PP333613
PP333614
OR780554
OR780555
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discarded as burn-in when the standard deviation of split frequencies of the two
runs was less than 0.01; the remaining trees were then used to create a 50% major-
ity-rule consensus tree and to estimate BPPs. Node support for the maximum-like-
lihood analysis was determined using 1000 rapid bootstrap (BS) replicates.

Furthermore, to investigate the behavior of the new species, six individuals
were maintained in an artificial field environment within the laboratory of Hu-
nan Fisheries Science Institute for one year.

Results

Family Pomatiopsidae Stimpson, 1865
Subfamily Pomatiopsinae Stimpson, 1865
Genus Fenouilia Heude, 1889

Fenouilia undata Chen & He, sp. nov.
https://zoobank.org/fffc0cf5-3700-45fe-8905-c9b9698358e0

Materials examined. Holotype: CHINA » Guangxi Province, Hechi City, Yizhou Dis-
trict, Longjiang River; 24.4927°N, 108.6851°E; August 2022; Xu Cheng Wei & Yue
Ming He leg.; NNU230701 (Fig. 2A-D), shell height 3.39 mm. Paratypes: CHINA
+ 2 specimens; same locality data as holotype; August 2022; NNU230702-03 -
_2_ specimens; same locality data as holotype; March 2023; NNU230704-05.
Shell height of all paratypes: 3.04-3.44 mm (Fig. 2E-P, Table 2).

Diagnosis. Shell small, thin but solid, with rounded, rather flattened shape,
and width greater than height; sculptured with low, rounded axial ribs and fine
spiral striae; whorls 4-5; body whorl swollen and large. Suture shallow; umbili-
cus narrow, crescent-shaped or closed. Aperture large, its length greater than
shell height. Operculum ovate, corneous, slightly transparent, yellowish.

Description. Shell small, 3.04-3.44 mm high, thin but solid, with a rounded,
rather flattened shape; whorls 4-5; body whorl swollen and large, taking up
most (about 84-94%) of shell; whorls of spire rapidly expanding. Shell width
longer than shell height (Fig. 2). Apex obtuse, usually eroded. Suture low. Shell
amber-yellow, with low, prosocline, rounded axial ribs and fine spiral striae. Ap-
erture round, large, broader than shell height. Lip slightly thickened; inner lip
smooth, white; outer lip white or yellowish and slightly rolled outward. Umbili-
cus narrowly crescent-shaped or closed; base white (Fig. 2A—N).

Operculum ovate, smaller than aperture, corneous, thin, slightly transparent,
yellowish, length 1.86—-2.12 mm, width 1.53-1.72 mm; surface, including nu-
cleus, of operculum smooth; nucleus located at bottom left third (Fig. 20, P).

Table 2. Measurements of Fenouilia undata sp. nov. (in mm). Abbreviations: W, shell width; BW, height of the body whorl;
H, shell height; LA, length of aperture; WA, width of aperture.

Holotype

Paratype 1
Paratype 2
Paratype 3
Paratype 4

Number H w LA WA BW
NNU230701 3.39 4.95 3.63 2.64 2.84
NNU230702 3.25 4.67 3.44 2.43 3.07
NNU230703 3.44 4.68 3.49 2.61 2.92
NNU230704 3.07 4.37 3.22 2.49 2.81
NNU230705 3.04 4.01 3.06 2.26 2.74

ZooKeys 1196: 271-283 (2024), DOI: 10.3897/zookeys.1196.113856
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Figure 2. Fenouilia undata sp. nov. shells and operculum A-D holotype, NNU230701 E-H paratype, NNU230702
I-L paratype, NNU230703 M paratype, NNU230704 N paratype, NNU230705 O, P operculum, holotype, NNU230701.
Scale bars: 2 mm (A-N); 1 mm (0-P).

Radula small; ribbon approximately 0.88 mm long. Central tooth with one
large, triangular, pointed major cusp without serrations, with two small, sharp
cusps on either side at base. Inner side of lateral teeth with two or three faint,
wavy ridges; outer side smooth. Inner marginal teeth with five or six small
cusps. Outer marginal teeth with 6—8 small cusps (Fig. 3).

Tentacles short, white; snout stubby, white, black pigmented. Mantle smooth,
light gray, with small black spots. Intestine wider than base of tentacle; diges-
tive gland milky white. Penis translucent white, thin, coiled, located behind right
tentacle in neck area (Fig. 4).

Habitat and distribution. The new species was discovered in the Longjiang
River, where the depth of the water was less than 5 m, water flow is variable,
and the substrate is composed of large stones (Fig. 5).

Biology. In the laboratory aquarium, the new species fed on algae present on
the surface of stones or watergrass. Snails reproduced many times during their
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year in captivity. Each brownish egg was laid 1.5 mm from the next. Eggs were af-
fixed to the surfaces of rocks with a secretion. In some months, some individuals
were observed to occasionally perform a “dance” in which they repeatedly twist-
ed their shells clockwise or counterclockwise. They were more active at night.

Remarks. The genus Fenouilia was established by Heude (1889) for Fe-
nouilia bicingulata (Heude, 1889) from Dali, Yunnan, China; this species has a
trochoidal shell, with rough, raised prosocline growth lines and no umbilicus.
Subsequently, Davis et al. (1983) considered F. bicingulata to be a synonym
of F. kreitneri (Neumayr, 1880); thus, the genus was thought to contain only a
single species, until now. With prosocline axial ribs, triangular central tooth,
and narrowly crescent-shaped or absent umbilicus, the new species is similar
to F. kreitneri. However, the new species can be distinguished by its broader
shell. In addition, F. undata sp. nov. has shorter tentacles (vs longer tentacles
in F. kreitneri), and there are three ridges only on the inner side (vs. lateral teeth
with obvious ridges on both sides). The adult shell of F. undata sp. nov. is simi-
lar to that of Lacunopsis munensis (Brandt, 1968) and Lithoglyphopsis modesta
(Gredler, 1886). These species differ in the relative length of the aperture to
shell height (the aperture is longer than shell height in F. undata, but shorter in
L. munensis) and in relative shell width (the shell is broader than height in F. un-
data, but narrower in L. modesta).

Molecular results. The concatenation of COl and 16S rDNA yielded 1229
sites. The GTR+F+R5 model was selected as the best-fit of nucleotide substi-
tution by BIC. Phylogenetic analyses revealed Bl and ML trees with largely con-
sistent topologies (Figs 6, 7). The average 16S genetic distance (uncorrected

Figure 4. Fenouilia undata sp. nov. A dissection with labelled structures of female B head of male. Abbreviations: e, eye;
1, tentacle; sn, snout; f, foot; op, operculum; dg, digestive gland; int, intestine; pe, penis. Scale bars: T mm (A); 0,5 mm (B).
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Figure 6. Bayesian-inference (Bl) tree inferred from concatenated 16S and COI gene sequences. Posterior probabilities
are shown on the left of nodes on the tree.

p-distance) between the F. undata sp. nov. and F. kreitneri is 1.04%; the COI
p-distance is 6.96%.

Etymology. From the Latin adjective undata (wavy or wave-like form). We
suggest the Chinese common name &% IR 15 2.
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Discussion

The phylogenetic relationships and morphological traits found in this study sup-
port the placement of the new species in the genus Fenouilia. The prosocline
axial ribs on the shell of the new species resemble the prominent, rough, raised
prosocline growth lines present in F. kreitneri, and the radular of both species
has a triangular central tooth without serrated cusps. The molecular phylog-
enies based on ML and Bl analyses show that Fenouilia undata sp. nov. and
F. kreitneri are nested in a monophyletic group with strong support (BS = 94%,
BPP = 0.93) and sister to Lithoglyphopsis modesta.

Our phylogenetic tree includes all the genera in China except Guoia Davis &
Chen, 1992, Wuconchona Kang, 1983, and Parapyrgula Annandale & Prashad,
1919. The new species can be distinguished from Wuconchona niuzhuangen-
sis (Kang, 1983) and Parapyrgula cogginiii (Annandale & Prashad, 1919) by the
rounded, flattened shell with its width greater than height. The new species can
be distinguished from Guoia viridulula (M&llendorff, 1888) by the presence of
axial ribs on the shell and the aperture being longer than the shell height.

The hydrological environment is complex and heterogeneous in southern
China. There are still many gaps in surveys for freshwater snails, and more new
species have to be discovered. However, the freshwater-snail fauna has been
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given little attention, especially the small species. With the environmental de-
struction and habitat modifications, many freshwater snails are gradually dis-
appearing or becoming extinct (Du et al. 2011). Our study highlights the neces-
sity and importance of further field surveys of freshwater snails which will help
promote the conservation of freshwater ecosystems. We suggest that further
intensified survey efforts are urgently required for accurate understanding of
the freshwater snail diversity in southern China.

Acknowledgements

We acknowledge Xu Cheng Wei from Guangxi for assistance in obtaining sam-
ples for this study. We are grateful to Kai Rui Jiao and Long Jie Xia from Nanjing
Normal University for their help in image processing. We also extend our thanks
to Yang Yang Li from Nanjing Normal University for assistance in DNA extraction.

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 Jiangsu Key Laboratory for Biodiversity and Biotech-
nology, College of Life Sciences, Nanjing Normal University, and the Hunan Fisheries
Science Institute. Financial support from the National Natural Science Foundation of
China (No. 32200356 to PD) and from the Natural Science Foundation of the Jiangsu
Higher Education Institutions (No. 22KJB180018 to PD) is acknowledged.

Author contributions

All authors have contributed equally.

Author ORCIDs

Hui Chen © https://orcid.org/0009-0004-5222-3975

Yue Ming He @ https://orcid.org/0009-0002-9849-7977
Chong Rui Wang © https://orcid.org/0009-0009-2315-6941
Da Pan @ https://orcid.org/0000-0001-5445-6423

Data availability

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

References

Attwood SW (2009) Chapter 11 - Mekong schistosomiasis: Where did it come from
and where is it going? In: Campbell IC (Ed.) The Mekong: Biophysical Environment
of an International River Basin. Academic Press, New York, 276-297. https://doi.
org/10.1016/B978-0-12-374026-7.00011-5

ZooKeys 1196: 271-283 (2024), DOI: 10.3897/z0okeys.1196.113856 280



Hui Chen et al.: A new species of freshwater snail of Fenouilia

Attwood SW, Ambu S, Meng XH, Upatham ES, Xu FS, Southgate VR (2003) The
Phylogenetics of Triculine Snails (Rissooidea:Pomatiopsidae) from South-East
Asia and Southern China: Historical biogeography and the transmission of human
schistosomiasis. The Journal of Molluscan Studies 69(3): 263-271. https://doi.
org/10.1093/mollus/69.3.263

Attwood SW, Liu L, Huo GN (2019) Population genetic structure and geographical vari-
ation in Neotricula aperta (Gastropoda: Pomatiopsidae), the snail intermediate host
of Schistosoma mekongi (Digenea: Schistosomatidae). PLOS Neglected Tropical Dis-
eases 13(1): e0007061. https://doi.org/10.1371/journal.pntd.0007061

Benke M, Brandle M, Albrecht C, Wilke T, BENKE M (2009) Pleistocene phylogeography
and phylogenetic concordance in cold-adapted spring snails (Bythinella spp.). Mo-
lecular Ecology 18(5): 890-903. https://doi.org/10.1111/j.1365-294X.2008.04073.x

Davis GM (1979) The origin and evolution of the gastropod family Pomatiopsidae, with
emphasis on the Mekong River Triculinae. Academy of Natural Sciences of Philadel-
phia Monograph 20: 1-120. https://doi.org/10.2307/2992315

Davis GM, Kuo YH, Hoagland KE, Chen PL, Yang HM, Chen DJ (1983) Advances in the
systematics of the Triculinae (Gastropoda: Prosobranchia): The genus Fenouilia
of Yunnan, China. Proceedings. Academy of Natural Sciences of Philadelphia 135:
177-199. https://www.jstor.org/stable/4064803

Davis GM, Kuo YH, Hoagland KE, Chen PL, Yang HM, Chen DJ (1984) Kunmingia, a new
genus of Triculinae (Gastropoda: Pomatiopsidae) from China: Phenetic and cladis-
tic relationships. Proceedings. Academy of Natural Sciences of Philadelphia 136:
165-193. https://www.jstor.org/stable/4064826

Davis GM, Liu YY, Chen YG (1990) New genus of Triculinae (Prosobranchia: Pomatiopsi-
dae) from China: Phylogenetic relationships. Proceedings of the Academy of Natural
Sciences of Philadelphia 142: 143-165. https://www.jstor.org/stable/4064975

Davis GM, Chen CE, Wu C, Kuang TF, Xing XG, Li L, Liu WJ, Yan YL (1992) The Pomati-
opsidae of Hunan, China (Gastropoda: Rissoacea). Malacologia 34(1-2): 143-342.
https://biostor.org/reference/100970

Du LN, Yang JX (2023) Colored Atlas of Chinese Melani. Henan Science and Technology
Press, Zhengzhou, 10-15. [In Chinese]

Du LN, Li Y, Chen XY, Yang JX (2011) Effect of eutrophication on molluscan communi-
ty composition in the Lake Dianchi (China, Yunnan). Limnologica 41(3): 213-219.
https://doi.org/10.1016/j.limno.2010.09.006

Du LN, Chen J, Yu GH, Yang JX (2019) Systematic relationships of Chinese freshwa-
ter semisulcospirids (Gastropoda, Cerithioidea) revealed by mitochondrial sequenc-
es. Zoological Research 40(6): 541-551. https://doi.org/10.24272/].issn.2095-
8137.2019.033

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA primers for amplification of
mitochondrial cytochrome c oxidase subunit | from diverse metazoan invertebrates.
Molecular Biotechnology 3: 294-299. https://pubmed.ncbi.nlm.nih.gov/7881515/

Fulton H (1904) On some species of Melania and Jullienia from Yunnan and Java. The
Journal of Malacology 11: 51-52.

Gerlach J (2003) New terrestrial Gastropoda (Mollusca) from the Seychelles. Envi-
ronmental Science and Biology 11: 39-51. https://api.semanticscholar.org/Corpu-
sID:197409478

Gittenberger E, Leda P, Wangchuk J, Gyeltshen C, Bjorn ST (2020) The genera Erhaia
and Tricula (Gastropoda, Rissooidea, Amnicolidae and Pomatiopsidae) in Bhutan and

ZooKeys 1196: 271-283 (2024), DOI: 10.3897/zookeys.1196.113856 281



Hui Chen et al.: A new species of freshwater snail of Fenouilia

elsewhere in the eastern Himalaya. ZooKeys 929: 1-17. https://doi.org/10.3897/zo0-
keys.929.49987

Glaubrecht M, Rintelen von T (2003) Systematics and zoogeography of the pachychilid
gastropod Pseudopotamis Martens, 1894 (Mollusca: Gastropoda: Cerithioidea): a
limnic relict on the Torres Strait Islands, Australia? Zoologica Scripta 32: 415-435.
https://doi.org/10.1046/j.1463-6409.2003.00127.x

Guan F, Niu AQ, Attwood SW, Li YL, Zhang B, Zhu YH (2008) Molecular phylogenetics of
Triculine snails (Gastropoda: Pomatiopsidae) from southern China. Molecular Phylo-
genetics and Evolution 48(2): 702-707. https://doi.org/10.1016/j.ympev.2008.04.021

Hausdorf B, Ropstorf P, Riedel F (2003) Relationships and origin of endemic Lake Baikal
gastropods (Caenogastropoda: Rissooidea) based on mitochondrial DNA sequences.
Molecular Phylogenetics and Evolution 26(3): 435-443. https://doi.org/10.1016/
S$1055-7903(02)00365-2

Heude PM (1889) Diagnoses molluscorum novorum in Sinis collectorum. Journal de
Conchyliologie 37(1): 40-50.

Ho TH, Dang NT (2010) Contribution to the study on Triculinae snail group (Pomatiopsi-
dae Mollusca) in Tay Nguyen Highland, Vietnam. Tap Chi Sinh Vat Hoc 32(4): 14-18.
https://doi.org/10.15625/0866-7160/v32n4.715

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

Kameda Y, Kato M (2011) Terrestrial invasion of pomatiopsid gastropods in the heavy-
snow region of the Japanese Archipelago. BMC Evolutionary Biology 11(1): 118.
https://doi.org/10.1186/1471-2148-11-118

Kang ZB (1983) A new genus and three new species of the family Hydrobiidae (Gastrop-
oda: Prosobranchia) from Hubei Province, China. Oceanologia et Limnologia Sinica
14(5): 499-505. https://doi.org/10.5852/¢€jt.2017.328

Katoh K, Toh H (2008) Recent developments in the MAFFT multiple sequence align-
ment program. Briefings in Bioinformatics 9(4): 286-298. https://doi.org/10.1093/
bib/bbn013

Kessing B, Croom H, Martin A, Mcintosh C, Owen Mcmillan W, Palumbi S (1989) The
simple fools guide to PCR. University of Hawaii, Honolulu, 45 pp.

Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X: Molecular evolutionary ge-
netics analysis across computing platforms. Molecular Biology and Evolution 35(6):
1547-1549. https://doi.org/10.1093/molbev/msy096

Liang M (2023) Biodiversity and Spatial Distribution of Freshwater Gastropods in
Guangxi. Master’s thesis, Guangxi Normal University, China. [in Chinese]

Liu YY, Zhang WZ, Wang EY (1979a) Freshwater molluscs. In: YY Liu, WZ Zhang, YX
Wang, EY Wang (Eds) Economic Fauna of China. Science press, Peking, 134 pp.

Liu YY, Zhang WZ, Wang EY (1979b) Studies on Tricula (Prosobranchia: Hydrobiidae)
from China. Acta Zootaxonomica Sinica 02: 135-140. [In Chinese]

Liu YY, Zhang WZ, Wang YX (1993) Medical malacology. China Ocean Press, Beijing,
30-46. [In Chinese]

Liu L, Huo GN, He HB, Zhou B, Attwood SW (2014) A phylogeny for the pomatiopsidae
(Gastropoda: Rissooidea): a resource for taxonomic, parasitological and biodiversi-
ty studies. BMC Evolutionary Biology 14(1): 29. https://doi.org/10.1186/1471-2148-
14-29

Lydeard C, Cummings KS (2019) Freshwater Mollusks of the world. Johns Hopkins Uni-
versity Press, Baltimore, 242 pp. https://doi.org/10.1353/book.66164

ZooKeys 1196: 271-283 (2024), DOI: 10.3897/z0okeys.1196.113856 282



Hui Chen et al.: A new species of freshwater snail of Fenouilia

Minh BQ, Schmidt HA, Chernomor O, Schrempf D, Woodhams MD, von Haeseler A, Lan-
fear R (2020) IQ-TREE 2: New models and efficient methods for phylogenetic infer-
ence in the genomic era. Molecular Biology and Evolution 37(5): 1530-1534. https://
doi.org/10.1093/molbev/msaa015

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

Shu FY, Wang HJ, Cui YD, Wang HZ (2014) Species diversity and distribution patterns
of freshwater molluscs in the Yangtze River Basin. Acta Hydrobiologica Sinica 30:
19-26. [In Chinese]

Strong EE (2011) More than a gut feeling: utility of midgut anatomy and phylogeny of the
Cerithioidea (Mollusca: Caenogastropoda). Zoological Journal of the Linnean Soci-
ety 162(3): 585-630. https://doi.org/10.1111/j.1096-3642.2010.00687.x

Wada S, Kameda Y, Chiba S (2013) Long-term stasis and short-term divergence in the
phenotypes of microsnails on oceanic islands. Molecular Ecology 22(18): 4801-4810.
https://doi.org/10.1111/mec.12427

Wilke T, Davis GM, Gong X, Liu HX (2000) Erhaia (Gastropoda: Rissooidea): phylogenetic
relationships and the question of Paragonimus coevolution in Asia. The American
Journal of Tropical Medicine and Hygiene 62(4): 453-459. https://doi.org/10.4269/
ajtmh.2000.62.453

Wilke T, Davis GM, Falniowski A, Giusti F, Bodon M, Szarowska M (2001) Molecular sys-
tematics of Hydrobiidae (Mollusca: Gastropoda: Rissooidea): testing monophyly
and phylogenetic relationships. Proceedings of the Academy of Natural Sciences of
Philadelphia 151(1): 1-21. https://doi.org/10.1635/0097-3157(2001)151[0001:M-
SOHMG]2.0.C0;2

Wilke T, Davis GM, Qiu D (2006) Extreme mitochondrial sequence diversity in the in-
termediate schistosomiasis host Oncomelania hupensis robertsoni: Another case of
ancestral polymorphism? Malacologia 48(1): 143-157.

Wilke T, Haase M, Hershler R, Liu LP, Misof B, Ponder WF (2013) Pushing short DNA
fragments to the limit: Phylogenetic relationships of ‘hydrobioid’ gastropods (Caeno-
gastropoda: Rissooidea). Molecular Phylogenetics and Evolution 66(3): 715-736.
https://doi.org/10.1016/j.ympev.2012.10.025

Xiong F, Li W (2008) Community structure and diversity of macrozoobenthos in Fuxian
Lake, a deep plateau lake in Yunnan. Biodiversity Science 16(3): 288-297. https://doi.
org/10.3724/SP.J.1003.2008.07307

Zhang NG, Hao TX, Wu CY, Chen YX, Zhang W, Li JF, Zhang Y (1997) Primary investiga-
tion of freshwater Gastropoda in Yunnan Province. Studia Marina Sinica 39: 15-26.
[In Chinese]

Zhang D, Gao F, Jakovli¢ |, Zou H, Zhang J, Li WX, Wang GT (2020) PhyloSuite: An in-
tegrated and scalable desktop platform for streamlined molecular sequence data
management and evolutionary phylogenetics studies. Molecular Ecology Resources
20(1): 348-355. https://doi.org/10.1111/1755-0998.13096

ZooKeys 1196: 271-283 (2024), DOI: 10.3897/zookeys.1196.113856 283






+ZooKeys

ZooKeys 1196: 285-301 (2024)
DOI: 10.3897/z00keys.1196.109810

Research Article

A new loach species of the genus Oreonectes (Teleostei,
Cypriniformes, Nemacheilidae) from Guangxi, China

Xue-Ming Luo™?®, Rui-Gang Yang?, Li-Na Du'?%, Fu-Guang Luo*

1 Key Laboratory of Ecology of Rare and Endangered Species and Environmental Protection (Guangxi Normal University), Ministry of Education Guilin 541004, China
2 Guangxi Key Laboratory of Rare and Endangered Animal Ecology, College of Life Science, Guangxi Normal University, Guilin 541004, China

3 Scientific Research Academy of Guangxi Environmental Protection, Nanning, Guangxi 530022, China

4 Liuzhou Aquaculture Technology Extending Station, Liuzhou 545006, China

Corresponding authors: Li-Na Du (dulina@mailbox.gxnu.edu.cn); Fu-Guang Luo (luofuguang3563@163.com)

OPEN aACC ESS

Academic editor: Nina Bogutskaya
Received: 20 July 2023

Accepted: 12 February 2024
Published: 28 March 2024

ZooBank: https://zoobank.
0rg/3218C5F9-C9A4-4A57-BB82-
67800B9F48F3

Citation: Luo X-M, Yang R-G, Du L-N,
Luo F-G (2024) A new loach species
of the genus Oreonectes (Teleostei,
Cypriniformes, Nemacheilidae) from
Guangxi, China. ZooKeys 1196:
285-301. https://doi.org/10.3897/
z00okeys.1196.109810

Copyright: © Xue-Ming Luo 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 loach species, Oreonectes andongensis sp. nov. is described from the Guangxi
Zhuang Autonomous Region, China. The new species can be differentiated from other
members of the genus by combinations of characters: a developed posterior chamber
of the swim bladder, 13-14 branched caudal-fin rays, 8—16 lateral-line pores, body width
12-15% of standard length (SL), interorbital width 42-47% of head length (HL), and
caudal peduncle length 11-16% of SL. Bayesian inference phylogenetic analysis based
on mitochondrial Cyt b provided strong support for validity of O. andongensis sp. nov.
(uncorrected p-distance 6.0-7.5%).

Key words: New species, morphology, phylogeny, taxonomy, Xijiang River

Introduction

The freshwater fish genus Oreonectes Glinther, 1868, which belongs to the
family Nemacheilidae, exhibits notable adaptations to the karst geomorphic
environment. These small fish are predominantly distributed in southern Chi-
na (Xijiang River system of Guangxi Zhuang Autonomous Region, Pearl River
system of Guangdong Province, and Pearl River system of Hong Kong) and
Kalong River of northern Vietnam (Quang Ninh Province in northeast Vietnam)
(Kottelat 2012). The genus was first established by Gilinther in 1868, desig-
nating Oreonectes platycephalus Ginther, 1868 as the type species, collected
from a small stream in Hong Kong within the Pearl River system. The diagno-
sis of the genus included a slightly compresses body, a markedly depressed
head, and the origin of the dorsal fin much closer to the base of the caudal
fin than to the operculum Ginther (1868). Later, till 2006 a number of species
have been added to the genus: 0. anophthalmus Zheng, 1981 (an underground
river in Taiji Cave, Wuming County, Guangxi, Youjiang River, China), O. furco-
caudalis Zhu & Cao, 1987 (a subterranean water outlet in the suburbs of Rong-
shui County, Guanggxi, Liujiang River, China), O. retrodorsalis Lan, Yang & Chen,
1995 (an underground river outlet in Longli Village, Nandan County, Guangxi,
Hongshui River, China), and O. translucens Zhang, Zhao & Zhang, 2006 (Xia'ao
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Town, Du’an County, Guangxi, Hongshui River, China) (Zheng 1981; Zhu 1989;
Lan et al. 1995; Zhang et al. 2006). Subsequently, a revision of Oreonectes
was published with description of two new species O. microphthalmus Du,
Chen & Yang, 2008 (Du'an County, Guangxi, Hongshui River, China) and O.
polystigmus Du, Chen & Yang, 2008 (Dabu Village, Guilin City, Guangxi, Lijiang
River, China) (Du et al. 2008). Meanwhile, Du et al. (2008) subdivided the ge-
nus into two groups based on the caudal fin morphology: the round caudal fin
group (O. platycephalus group), containing O. anophthalmus, O. platycephalus,
0. polystigmus, and O. retrodorsalis, and the forked caudal fin group (O. furco-
caudalis group), including O. furcocaudalis and O. microphthalmus. After 2009,
various species were described, including 0. macrolepis Huang, Du, Chen &
Yang, 2009 (an underground river in Dacai Town, Huanjiang County, Guangxi,
Xijiang River system, China), O. luochengensis Yang, Wu, Wei & Yang, 2011
(a cave near Tianhe Town, Luocheng County, Guangxi, Xijiang River system,
China), 0. guananensis Yang, Wei, Lan & Yang, 2011 (an underground karst
cave outlet near Guan'an Village, Changmei Town, Huanjiang County, Guangxi,
Xijiang River system, China), O. elongatus Tang, Zhao & Zhang, 2012 (Mulun
Town, Huanjiang County, Guangxi, Longjiang River, China), O. acridorsalis Lan,
2013 (a cave near Bamu Town, Tian’e County, Guangxi, Hongshui River, China),
0. barbatus Gan, 2013 (first described from a cave near Lihu Town, Nandan
County, Guangxi, Hongshui River, China), 0. donglanensis Wu, 2013 (a cave near
Simeng Town, Donglan County, Guangxi, Hongshui River, China), O. duanensis
Lan, 2013 (a cave near Chengjiang Town, Du’an County, Guangxi, Hongshui
River, China), 0. dagikongensis Deng, Xiao, Hou & Zhou, 2016 (Seven Big Sce-
nic Spot, Libo County, Guizhou, Hongshui River, China), O. shuilongensis Deng,
Wen, Xiao & Zhou, 2016 (a cave near Shuilong Town, Sandu County, Guizhou,
Duliu River, China), O. guilinensis Huang, Yang, Wu & Zhao, 2020 (Shigumen
Village, Xingping Town, Yangshuo County, Guilin City, Guangxi, Lijiang River,
China), and O. damingshanensis Yu, Luo, Lan, Xiao & Zhou, 2023 (Waming-
gu Scenic Area, Leping Village, Guling Town, Mashan County, Guangxi, Xijiang
River system, China) (Huang et al. 2009, 2020; Yang et al. 20114, b; Tang et al.
2012; Lan et al. 2013; Deng et al. 20164, b; Yu et al. 2023). Zhang et al. (2016)
established the genus Troglonectes Zhang, Zhao & Tang, 2016, designating
0. furcocaudalis as the type species, with O. barbatus, O. elongatus, O. macro-
lepis, O. microphthalmus, and O. translucens, characterized by a forked caudal
fin, a developed adipose crest of the caudal fin, and the dorsal-fin origin above
the pelvic-fin origin. Later studies added O. dagikongensis, O. donglanensis,
0. duanensis, O. retrodorsalis, and O. shuilongensis to Troglonectes (Huang et
al. 2020; Du et al. 2023), while 0. anophthalmus and O. acridorsalis were as-
signed to a new genus, Karstsinnectes Zhou, Luo, Wang, Zhou & Xiao, 2023
based on morphological and molecular evidence (Luo et al. 2023).

Until now, the genus of Oreonectes contains six valid species, namely,
0. damingshanensis, O. guananensis, O. guilinensis, O. luochengensis. O. platy-
cephalus, and O. polystigmus. In July 2022, ten loach specimens were collected
from Laibin City in the Hongshui River system, Guangxi Zhuang Autonomous
Region, China. Morphological features and molecular data suggest that the
specimens under consideration represent a previously undescribed species
within the genus Oreonectes, which are described herein.
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Materials and methods

Field collections followed the Guide to Collection, Preservation, Identification,
and Information Share of Animal Specimens (Xue 2010) and Implementation
Rules of Fisheries Law of the People’s Republic of China. All activities followed
the Laboratory Animal Guidelines for the Ethical Review of Animal Welfare
(GB/T 35892-2018). Specimens of the new species were collected by FGL.
Samples were collected using a hand net and mesh traps. Freshly caught fish
were euthanized using eugenol. After death, the pectoral fins from the right side
were taken and preserved in ethanol for molecular analysis. Specimens used
for morphological studies were preserved in 10% formalin, before being trans-
ferred to 75% ethanol for long-term storage at the collection of the Key Labora-
tory of Ecology of Rare and Endangered Species and Environmental Protection
(Guangxi Normal University), Ministry of Education.

Phylogenetic analyses

Mitochondrial cytochrome b gene (Cyt b) sequences were sequenced by
the Science Corporation of Gene (China) following standard Illumina pro-
tocols. Genome sequencing data were submitted to GenBank (Accession
No. OR188128, OR712240, OR712241). We retrieved 36 Cyt b sequences of
Nemacheilidae species from the NCBI GenBank database (Appendix 1) for phy-
logenetic tree reconstruction to test the phylogenetic positions of Oreonectes
andongensis sp. nov. All sequences were aligned in MEGA v. 11.0 (Tamura et
al. 2021) by the MUSCLE (Edgar 2004) algorithm with default parameters, and
then sequences were executed in PartitionFinder v. 2.1.1 (Lanfear et al. 2017)
in order to select the most appropriate model of evolution to be used for phylo-
genetic analyses. The model selection for each codon position of the complete
mitochondrial genes indicated that the best fit models were K80+I+G for the
first codon, HKY+I+G for the second codon, and TRN+I+G for the third codon.
Bayesian inference (BI) analysis was performed using MRBAYES v. 3.2.6 (Ron-
quist et al. 2012). The chains were run for two million generations and sampled
every 1000 generations. The first 25% of the sampled tree was discarded as
burn-in, and the remaining trees were used to create a consensus tree and to
estimate Bayesian posterior probabilities (BPP). Nodes in the trees were con-
sidered well-supported at BPP > 0.95.

Morphological examination

Methods used for counts and measurements followed Du et al. (2021) and
characteristics of the cephalic lateral line system were examined following
Kottelat (1990) and Tang et al. (2012). All measurements were taken point-to-
point with dial calipers to the nearest 0.1 mm. Abbreviations used in the text
are as follows: AFBL for anal-fin base length, AFL for anal-fin length, BD for
body depth, BW for body width, CPL for caudal peduncle length, CPD for cau-
dal peduncle depth, DAPN for distance between anterior and posterior nostrils,
DAN for distance between anterior nostrils, DFBL for dorsal-fin base length,
DFL for dorsal-fin length, DPN for distance between posterior nostrils, ED for
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eye diameter, HD for head depth, HL for head length, HW for head width, ISBL
for inrostral barbel length, IW for interorbital width, MBL for maxillary barbel
length, OSBL for outrostral barbel length, PANL for preanus length, PAL for pre-
anal length, PDL for predorsal length, PFBL for pectoral-fin base length, PFL for
pectoral-fin length, PPL for prepectoral length, PVL for prepelvic length, STL for
snout length, SL for standard length, TL for total length, VFBL for pelvic-fin base
length, and VFL for pelvic-fin length.

Results
Genetic evidence from phylogenetic analysis

Bl analyses were performed to construct a phylogenetic tree, revealing con-
sistent topologies based on Cyt b sequences spanning 1141 bp. The phylo-
genetic tree affirmed the validity of the new species with high nodal support
(BPP = 0.95). Additionally, members of the Oreonectes genus constituted a
monophyletic group, which was phylogenetically sister to the Guinemachilus
Du et al., 2023 and Micronemacheilus clade (Fig. 1). Oreonectes andongensis
sp. nov. formed a highly supported clade with O. damingshanensis, O. guilinen-
sis, O. platycephalus, and O. polystigmus.

The uncorrected p-distances of Cyt b between Oreonectes andongensis sp.
nov. and the other six species ranged from 6.0% (for O. polystigmus) to 7.5%
(for O. guananensis) (Table 2).

Taxonomy

Oreonectes andongensis Luo, Yang, Du & Luo, sp. nov.
https://zoobank.org/31E2362E-71AF-4E1F-B78A-53DFB1980F33
Table 1, Figs 1-5

Type material. Holotype. GXNU20220601, 74.9 mm standard length (SL), An-
dong Town, Xincheng County, Laibin City, Hongshui River system, Guangxi
Zhuang Autonomous Region, China, 24°18.57'N, 108°59.61'E, 179 m a.s.l., col-
lected by F.G.L., 20 July 2022. Paratypes. GXNU20220602-10, 9 specimens,
45.9-68.7 mm SL, same data as holotype.

Diagnosis. The new species is assigned to the genus Oreonectes based on
Cyt b phylogenetic analysis and morphological characters. The new species
can be distinguished from other members of Oreonectes by the following com-
bination of characters: posterior chamber of swim bladder developed (vs re-
duced in O. platycephalus), color pattern present (vs colorless in O. luochengen-
sis), tip of pelvic fin not reaching anus (vs exceeding anus in 0. polystigmus and
0. guilinensis), dorsal-fin origin slightly posterior to pelvic-fin origin (vs opposite
in O. guananensis), six branched pelvic-fin rays (vs 7 or 8 in O. damingshanen-
sis, 0. guananensis, O. luochengensis). Oreonectes andongensis sp. nov. can
be further differentiated from O. damingshanensis by more numerous, better
developed inner gill rakers on the first gill arch (11-12 vs 9).

Description. The morphometric data of the holotype and paratypes are
in Table 1. Three unbranched and seven branched dorsal-fin rays, one un-
branched and nine or ten branched pectoral-fin rays, one unbranched and six
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Figure 1. Bayesian phylogenetic tree of Oreonectes based on mitochondrial Cyt b. Numbers above branches are BPPs.

Table 1. Morphological data and habitat types of the genus Oreonectes. Data of 0. damingshanensis is from the original

description (Yu et al. 2023).

0. andongensis | 0. damingshan- . e Ioch o .
Sp. nov. ensis 0. guananensis 0. guilin 0. luoc 0. platycep 0. polystigmus
Range Range Range Range Range Range Range

(Mean * SD) (Mean * SD) (Mean * SD) (Mean * SD) (Mean * SD) (Mean * SD) (Mean * SD)

TL (mm) 45.9-74.9 63.7-98.9 62.9-90.2 63.2-89.7 77.2-92.1 49.6-82.5(65.2 = 41.8-67.8(52.2
(57.1£9.9) (78.8 £8.8) (75.7 £ 10.5) (80.4 +7.6) (84.2+4.8) +11.7) +8.0)

SL (mm) 36.5-60.2 52.5-81.8 51.0-71.5 52.0-73.5 62.2-74.7 (68.1 | 38.7-64.2(51.2 | 33.7-54.7 (42.5
(46.2 + 8.4) (64.9+7.3) (60.9+8.3) (65.9+6.1) +4.3) +9.3) +6.7)

Percentage of SL (%)

BD 15.7-17.9 14.2-18.1 16.2-19.6 (17.6 | 16.7-18.5(18.0 | 16.0-18.3(17.3 | 14.8-19.3(17.2 | 12.5-19.5(16.3
(16.7+£0.7) (15.5+1.3) +1.3) +0.5) +0.7) +1.4) +2.2)

BW 11.5-15.2 10.4-12.5 9.5-13.1 12.7-14.8 (13.9 9.8-12.1 9.5-11.5 7.4-11.8
(12.7£1.0) (11.3+0.6) (11.3%1.3) +0.6) (10.8+0.8) (10.5+0.5) (8.7+1.2)

HW 14.7-17.2 14.4-17.8 14.8-16.9 (15.9 | 15.4-19.0(17.0 | 13.7-16.9 (149 | 14.6-17.5(15.7  13.7-17.5(15.5
(15.7+0.7) (16.1+1.0) +0.7) +1.1) +0.9) +0.8) +1.2)

HD 11.4-12.8 10.8-12.9 10.9-11.9(11.4 | 12.0-15.2(13.3 | 10.0-12.4(11.1 | 10.3-13.5(11.3 | 11.1-13.1 (12.1
(12.1+0.5) (12.0£0.7) +0.4) +1.0) +0.7) +0.9) +0.7)

HL 21.1-24.5 20.2-23.0 21.8-23.2(22.6 | 20.3-24.2(21.7 | 20.7-24.2(22.4 | 20.8-25.4(22.8 | 22.3-24.5(23.6
(22.3+0.9) (21.740.9) +0.5) +1.1) +1.0) +1.4) +0.6)

PDL 57.7-62.4 59.5-62.4 57.2-59.5(58.4 | 57.4-60.4(58.9 | 58.0-63.3(60.0 | 60.0-64.7 (62.0 = 59.2-63.9 (60.9
(60.0+1.7) (60.7 £ 0.8) +0.8) +0.9) +1.5) +1.9) +1.6)

DFL 16.8-19.2 17.2-21.7 17.6-18.6 (18.0 A 16.6-19.0(17.4  16.9-19.2(18.2 @ 15.7-21.1(19.4 | 16.8-19.8 (18.1
(18.1+0.7) (18.9+1.2) +0.3) +0.8) +0.7) +1.6) +1.0)

DFBL 8.9-11.6 9.0-11.3 9.5-11.0 7.2-10.4 6.6-7.3 9.4-11.1 8.9-12.1
(10.4+0.8) (10.3+0.7) (10.1 £ 0.6) (8.8+0.9) (7.0+0.3) (10.1 £ 0.5) (10.0 £ 1.0)

PPL 19.4-23.7 19.1-22.7 21.4-23.0(22.0 | 16.9-20.4(19.1 | 19.0-21.8(20.3 | 18.1-22.4(21.1 | 19.2-25.2(22.0
(21.2+1.2) (21.4£1.0) +0.5) +1.2) +0.7) +1.6) +1.6)

PFL 15.1-18.9 15.5-18.7 14.5-17.1 (16.1 | 14.2-16.0(15.3 | 15.3-18.5(17.1 | 15.1-22.1(19.3 | 13.5-19.4(15.6
(16.7 £ 1.0) (16.9+1.1) +0.9) +0.6) +1.0) +1.8) +1.7)
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PFBL

PVL

VFL

VFBL

PAL

AFL

AFBL

PANL

CPL

CPD

0. andongensis
Sp. nov.
Range
(Mean * SD)

3.2-43
(3.9+0.3)

54.3-58.2
(56.1 % 1.4)

11.1-13.6
(12.5+0.8)

3.0-4.0
(3.5+0.4)

78.6-82.6
(80.0+1.1)

14.3-17.7
(15.7£1.1)

6.8-8.1
(7.4£0.5)

72.2-77.4
(74.1 £ 1.6)

11.2-15.5
(13.1£1.3)

9.7-117
(10.6 £ 0.8)

Percentage of HL (%)

ED 13.6-19.5(15.9
+1.7)

W 41.8-47.3 (43.9
+1.7)

STL 30.2-34.7 (32.8
+1.6)

DAN 29.6-36.4 (33.0
+2.2)

DPN 34.0-39.1 (37.2
+1.8)

DAPN 8.0-11.1

(9.6 £0.9)

MBL 43.3-55.9 (48.0
+4.4)

OSBL 50.0-69.6 (59.4
+6.6)

ISBL 25.5-48.5(38.2
+8.6)

Percentage of CPL (%)

CPD 67.2-98.7 (81.6
+8.9)

Habitat types Small pools on

surface where
groundwater
overflowed

0. damingshan-
ensis

Range
(Mean * SD)

3.6-4.5
(4.0+0.3)

48.6-52.2
(50.6 + 1.0)

14.7-17.2
(15.8%0.9)

32-43
(3.8+0.3)

74.6-77.9
(75.6 £1.0)

16.1-18.1
(16.9 £ 0.6)

7.3-9.4
(8.4£0.6)

78.6-82.8
(80.1+1.2)

14.3-17.8
(15.7£1.0)

10.0-11.6
(10.8 £ 0.5)

11.2-15.2(12.4
+1.2)

34.6-44.6 (41.3
+2.5)

37.7-43.3 (40.7
+1.8)

23.6-39.2 (29.7
+3.9)

33.8-38.9 (36.5
+1.5)

6.3-10.6
(7.7 £1.3)

36.4-50.8 (43.3
+4.7)

47.4-58.7 (54.4
t4.4)

25.6-37.4 (33.1
+3.4)

63.4-78.0 (68.7
+5.1)

Karst cave under
mountain

0. guananensis

Range
(Mean * SD)

3.4-45
(3.9+0.4)

55.4-57.4 (56.5
+0.9)

14.5-17.1(16.1
+0.9)

3.0-4.2
(3.6 +0.4)

77.3-81.6 (80.6
+1.5)

14.2-16.1 (15.0
+0.6)
6.7-7.5
(7140.3)

73.3-76.6 (74.6
+1.2)

11.5-13.4(12.4
+0.6)

10.1-11.3(10.8
+0.4)

10.4-14.9 (12.9
+1.7)

42.3-47.9 (44.9
+2.1)

31.2-40.2 (36.0
+3.3)

30.6-36.5 (34.1
+1.9)

34.5-40.5 (37.7
+1.9)

8.2-13.2
(10.6 £ 2.0)

52.9-61.7 (56.1
+2.7)

64.8-71.6 (68.8
+2.6)

30.6-51.5 (42.1
+6.4)

75.1-97.5(87.7
+6.8)

Water outlet of
underground
karst cave

0. guilinensis
Range
(Mean * SD)

3.1-45
(3.9+0.5)

53.8-55.8 (55.1
+0.8)

10.9-12.5(11.8
+0.6)

2.6-3.5
(32+0.3)

78.4-81.2 (79.6
+0.9)

14.3-15.6 (14.6
+0.6)

5.9-7.6
(6.8+0.5)

71.7-74.2 (73.5
+0.9)

11.6-14.1 (12.2
+0.8)

9.5-11.3
(10.2 £ 0.6)

9.2-13.5(10.9
+1.3)

44.1-51.9 (48.1
+2.7)

30.3-40.5(35.1
+3.3)

29.1-35.6 (32.5
+2.3)

34.0-37.8 (36.0
+1.3)

7.5-11.9
(10.5%1.4)

37.3-55.4 (455
+5.3)

41.3-52.5(48.2
+5.6)

28.8-36.9 (33.1
+2.9)

74.7-90.6 (83.3
+4.6)

Open stream

0. luochengensis

Range
(Mean t SD)

4.0-5.6
(4.6 £0.5)

55.3-60.3 (56.3
+2.1)

11.9-14.7 (13.4
+0.9)

3.1-3.9
(3310.2)

80.1-83.0(81.3
+1.0)

14.0-16.8 (15.6
+0.8)
6.6-7.3
(7.040.3)

72.0-78.6 (74.1
+2.0)

10.1-12.5(11.0
+0.8)

9.8-12.0
(10.7 £ 0.8)

9.0-14.2(11.9
+1.6)

39.9-45.2 (42.2
+2.1)

33.5-40.5(36.4
+2.0)

31.4-35.1 (32.8
+1.4)

33.8-38.2(36.0
+1.7)

8.0-13.0
(9.9£1.7)

41.5-55.6 (46.0
+4.5)

43.9-60.7 (51.5
+6.4)

28.7-40.8 (33.1
+4.6)

95.2-118.2 (98.5
+£10.1)

Water of
underground
karst cave

O. platycephalus

Range
(Mean * SD)

3.9-5.2
(4.5+0.6)

52.2-56.4 (54.4
+1.7)

15.5-22.1(19.3
+1.8)

3.8-5.4
(4.5+0.6)

77.6-80.5(79.1
+1.0)

14.4-19.2(17.8
+1.5)

7.5-9.0
(8.1+0.5)

71.2-76.1 (73.5
+1.6)

11.0-14.5(12.6
+1.0)

12.2-14.8 (13.0
+0.9)

11.1-19.7 (15.1
+2.3)

41.1-49.9 (46.1
+2.5)

34.4-40.9 (37.3
+2.4)

31.6-38.0 (35.0
+2.6)

37.6-42.8 (39.3
+1.6)

10.1-12.3 (11.0
+0.7)

38.3-56.3 (48.7
+5.3)

47.2-66.5 (57.4
+5.8)

35.9-40.6 (37.8
+2.6)

95.0-125.0
(103.4+10.2)

Surface stream

0. polystigmus
Range
(Mean * SD)

27-45
(3.9+0.5)

53.4-57.1 (55.1
+1.2)

12.1-15.7 (13.6
+1.2)

2.7-4.0
(3.2£0.4)

76.7-81.7 (79.9
+1.4)

14.9-17.2(16.1
+1.0)

7.1-11.0
(8.4+1.2)

68.5-76.2 (73.8
+2.4)

10.2-14.3(11.5
+1.2)

8.5-13.4
(10.9% 1.5)

12.5-16.8 (14.7
+1.7)

34.5-45.6 (40.3
+3.2)

31.2-37.9(34.0
+2.0)

26.4-37.1 (30.4
+2.9)

34.3-41.6 (36.7
+2.3)

8.1-12.4
(10.3+1.6)

33.9-55.9 (45.5
+8.0)

39.2-61.4 (53.9
+7.1)

21.1-47.9 (33.1
+7.4)

73.8-131.0 (96.7
+20.5)

Underground
karst cave

branched pelvic-fin rays, three unbranched and five branched anal-fin rays, 13
or 14 branched caudal-fin rays, and 11 or 12 inner-gill rakers on first gill arch
(in 3 specimens).

Body elongated and cylindrical, deepest body depth in front of dorsal-fin origin,
deepest body depth 16—18% of standard length (SL). Head slightly depressed
and flattened, maximum head width greater than deepest head height. Anterior
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Table 2. Uncorrected p-distances (%) between seven species in the genus Oreonectes
based on mitochondrial Cyt b genes.

ID Species 1 2 3 4 5 6

1 | Oreonectes andongensis sp. nov.

2 | Oreonectes damingshanensis 6.1

3 | Oreonectes guananensis 7.5 8.7

4 | Oreonectes guilinensis 7.0 7.2 8.8

5 | Oreonectes luochengensis 6.4 7.5 4.8 8.1

6 | Oreonectes platycephalus 6.6 6.7 8.7 6.5 7.9

7 | Oreonectes polystigmus 6.0 6.0 8.3 7.3 7.4 6.4

15 mm

Smm

Figure 2. Oreonectes andongensis sp. nov. A—C lateral, dorsal and ventral views of holotype GXNU20220601 (%), D lateral
view of paratype GXNU20220610 (&), E, F gonadal structure of female (E) and male (F).
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anterior chamber

N

posterior chamber

Figure 3. Stomach, anterior chamber, and posterior chamber of Oreonectes andongensis sp. nov.
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Figure 4. Distribution of Oreonectes in southern China.
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and posterior nostrils adjacent, distance shorter than diameter of posterior nos-
tril. Base of anterior nostril tube-shaped with elongated barbel-like tip; barbel lon-
ger than anterior nostril tube. Eyes normal, eye diameter 14-20% of head length
(HL). Snout obtuse, snout length shorter than postorbital length. Mouth inferior,
lips smooth, center of lower lip with notch. Three pairs of barbels, inner rostral
barbel length 23-49% of HL, extending to the anterior margin of eye; outer rostral
barbel length 50-70% of HL, extending to the posterior margin of eye; maxillary
barbel length 43—-56% of HL, not reaching to posterior margin of opercula.
Dorsal-fin origin slightly posterior to pelvic-fin origin. Predorsal length 58—
62% of SL. Tip of pectoral fin not reaching half of distance between origin of
pectoral and pelvic fins. Tip of pelvic fin not reaching anus. Short distance
(two times eye diameter) between anal-fin origin and anus. Caudal fin straight.
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Figure 5. Habitat of Oreonectes andongensis sp. nov.

Caudal peduncle without adipose crests along both dorsal and ventral sides.
Caudal peduncle depth 67-99% of caudal peduncle length. Whole body cov-
ered by scales except head. Lateral line incomplete, with 8—16 pores. Cephalic
lateral line system developed, with 6—9 supraorbital pores, 3 + 8—10 infraorbital
pores, three or four canal pores, and 6—8 pre-operculo-mandibular canal pores.

Stomach U-shaped. Swim bladder divided into two chambers, anterior cham-
ber covered by dumbbell-shaped bony capsule, and posterior chamber devel-
oped with posterior extremely reaching below dorsal-fin origin.

Coloration. In formalin-fixed specimens, dorsal surface and trunk of body
yellowish, while abdomen appears grayish. Additionally, dorsal surface and
flank with small spots or short bars. Dorsal and caudal fins with black speckles.
Longitudinal stripe extending from gill opening to caudal peduncle in female,
lacking in males.

Sexual dimorphism. In reproductive season, males possess large genital
papilla located immediately posterior to anus, unclear in females; gonad opens
at end of fleshy prominence.

Distribution and habitat. Oreonectes andongensis sp. nov. was collected
from Andong Township, Xincheng County, Laibin City, Guangxi Zhuang Auton-
omous Region, China, a tributary of the Hongshui River in Xijiang River basin.
During the rainy season, specimens were gathered from small pools on the
surface where groundwater had overflowed. Troglonectes canlinensis Li et al.,
2023 specimens were also collected from the same pool.

Etymology. The nomenclature of this species is derived from the Chinese
pinyin of Andong, the name of the village where the specimens were obtained.
We suggest the Chinese common name as “ZZ IR fft”.
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Remarks. Oreonectes andongensis sp. nov. can be distinguished from
0. damingshanensis by the six branched pelvic-fin rays (vs 7), a dorsal-fin origin
slightly posterior to pelvic-fin origin (vs posterior to pelvic-fin origin obviously),
and 11 or 12 inner gill rakers on the first gill arch (vs 9), from O. guananensis
by six branched pelvic-fin rays (vs 7 or 8), dorsal-fin origin slightly posterior
to pelvic-fin origin (vs opposite to pelvic-fin origin), caudal with irregular black
markings (vs without irregular black markings), and maxillary barbel not reach-
ing to the gill cover (vs reaching to the gill cover), from O. guilinensis by lateral
line pores 8-16 (vs 4-6), tip of pelvic fin not reaching to anus (vs exceeding to
anus), and maxillary barbel not reaching to the opercula (vs reaching to poste-
rior margin of the eye), from O. luochengensis by cephalic lateral line system
present (vs absent), abdomen between pectoral-fin origin to pelvic-fin origin
scaled (vs scaleless), from O. platycephalus by posterior chamber of swim
bladder developed (vs reduced), dorsal-fin origin slightly posterior to pelvic-fin
origin (vs posterior to pelvic-fin origin obviously), seven branched dorsal-fin
rays (vs 8 or 9), and six branched pelvic-fin rays (vs 8), from O. polystigmus by
tip of pelvic fin not reaching to anus (vs exceeding to anus), and maxillary bar-
bel not reaching to the opercula (vs reaching to the pectoral-fin origin).

Key to species of the genus Oreonectes

1 Body COIOMESS ....oovviiiieceeeeee e 0. luochengensis
=  Color pattern PreSent .......ooioi oo 2
2 Dorsal-fin origin opposite to pelvic-fin origin....................... 0. guananensis
—  Dorsal-fin origin posterior to pelvic-fin origin .............ccoooieviiiiiiiiice, 3
3 Tip of pelvic fin exceeding anusS .........ccccoveieiiieiieeeeeeeeee e 4
—  Tip of pelvic fin not reaching @anus .............ccccoooviiiiiiiciececcceeeee, 5
4 Six branched dorsal-fin rays .........ccccevviviviiiiieieceee 0. guilinensis
—  Seven branched dorsal-fin rays ..........cccceceveieineneiieee, 0. polystigmus
5  Posterior chamber of swim bladder reduced.................... 0. platycephalus
—  Posterior chamber of swim bladder developed ............cccoooeiiiiiiiien, 6

6  Six branched pelvic fin rays, 11 or 12 inner gill rakers on first gill arch .......
.................................................................. Oreonectes andongensis sp. nov.
—  Seven branched pelvic fin rays, 9 inner gill rakers on first gill arch..............
........................................................................................ 0. damingshanensis

Discussion

The distinct lineage of Oreonectes andongensis sp. nov. marked by an uncor-
rected p-distance of 6.0% from O. polystigmus, along with notable morpholog-
ical differences, substantiates its validity as a new species. With the addition
of the new species, the genus Oreonectes now comprises seven species: Ore-
onectes andongensis sp. nov., 0. damingshanensis, O. guananensis, O. guilinen-
sis, 0. luochengensis, O. platycephalus, and O. polystigmus.

Oreonectes andongensis sp. nov. exhibited sexual dimorphism. Notably,
males contained larger genital papilla located immediately posterior to the
anus, with the gonads opening at the end of a fleshy prominence. Zhu (1989)
noted that this structure may be related to the special breeding habits of Ore-
onectes. Additionally, most species of Oreonectes possess that developed

ZooKeys 1196: 285-301 (2024), DOI: 10.3897/z0okeys.1196.109810 294



Xue-Ming Luo et al.: Two new loach species of genus Oreonectes

posterior chamber of swim bladder except O. platycephalus. Zhu (1989) spec-
ulated that the posterior chamber of swim bladder related to adapting to hab-
itat. Oreonectes andongensis sp. nov. and other congeneric species (except
0. platycephalus) possess developed posterior chamber of swim bladder, and
mainly habitat in pools surround subterrane river, but O. platycephalus inhabit in
running water of upper reaches of the river.

Within the genus Oreonectes, O. platycephalus has a broader distribution,
both within and beyond Guangxi, whereas the other species are exclusively
found in Guangxi. In areas within Guangxi, O. platycephalus coexists with
the other species, with their distribution overlapping along certain routes of
0. platycephalus (Tang 2012). Wang (2022) suggested that the ancestors of
the Nemacheilidae family in southwest China emerged around 26.19 million
years ago (approximately the Late Oligocene). The uplift of the Tibetan
Plateau led to the development of the Pearl River occurred concurrently
(Zhang et al. 2022). This expansion towards the Pearl River Delta area
likely facilitated the spread of Oreonectes. As the caves in southwest China
continued to develop, some fish species entered these habitats, evolving
traits suited to cave living, such as eye degeneration, loss of scales, and
lack of pigmentation.

Comparative material

All specimens were collected from Guangxi; their measurements are given in
Appendix 2.

Oreonectes  guananensis, KlZ2010003067, holotype, 71.5mm  SL,
KIZ2010003068-072, paratypes, 5 ex., 51.0-71.9 mm SL, Guan’an Village,
Changmei Town, Huanjiang County, Guangxi.

Oreonectes guilinensis,ASIZB208001, holotype, 73.5mm SL,ASIZB208002-007,
paratypes, 6 ex., 52.0-68.3 mm, Shigumen Village Xingping Town, Yang-
shuo County, Guilin City, Guangxi.

Oreonectes luochengensis, KIZ2010003073, holotype, 71.2 mm SL,
KIZ2010003074-077, KlZ2010003242-244, paratypes, 7 ex. 61.3—
74.7 mm SL, Tianhe Town, Luocheng County, Guangxi.

Oreonectes platycephalus, KIZ2003007105-106, 63.2-64.2 mm SL,
K1Z2003007110, 60.9 mm SL, KIZ2005006211-212, 38.7-43.1 mm SL,
KlZ2005006214-216, 45.6—-47.7 mm SL, 8 ex., Fenzhan Village, Jinxiu
County, Guangxi.

Oreonectes polystigmus, KIZ2001004626, holotype, 54.7 mm SL,
K1Z2002004627-634, paratypes, 9 ex., 33.7-52.4 mm SL, Dabu Village,
Guilin City, Guangxi.
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Appendix 1

Table A1. Localities, voucher information, and GenBank numbers for all samples used in this paper.

Species Locality Voucher ?ﬂ::;:rk
Triplophysa nasobarbatula Libo County, Guizhou, China GZNU20190114001 ON116529
Triplophysa baotianensis Nanpanjiang River, Panzhou City, Guizhou, China GZNU20180421005 NC056365
Triplophysa zhenfengensis Xingren County, Guangxi, China GZNU20180419002 NC063617
Traccatichthys pulcher Daxin County, Guangxi, China Tissue ID: GX1 ON116516
Traccatichthys zispi Hainan, China Tissue ID:HNO1 ON116518
Traccatichthys taeniatus N/A N/A NC031581
Lefua nikkonis N/A N/A NC027662
Lefua costata N/A N/A NC029385
Lefua echigonia N/A N/A NC004696
Oreonectes platycephalus Shenzhen City, Guangdong, China GZNU2020112501 ON116528
Oreonectes guilinensis Xingping Town, Yangshuo County, Guangxi, China N/A MN239094
Oreonectes damingshanensis Leping Village, Guling Town, Mashan County, Guangxi, China GZNU20230216011 0Q754117
Oreonectes damingshanensis Leping Village, Guling Town, Mashan County, Guangxi, China GZNU20230216012 0Q754118
Oreonectes damingshanensis Damingshan Mountain, Shanglin County, Guangxi, China GZNU 2020112502 ON116496
Oreonectes polystigmus Dabu Town, Yanshan District, Guilin, Guangxi, China GZNU2020011501 ON116514
Oreonectes andongensis sp. nov. Andong Town, Xincheng County, Laibin City, Guangxi, China N/A OR188128
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Species

Oreonectes andongensis sp. nov.

Oreonectes andongensis sp. nov.

Oreonectes luochengensis
Oreonectes guananensis

Guinemachilus longibarbatus

Guinemachilus pseudopulcherrimus

Micronemacheilus cruciatus
Micronemacheilus pulcherrimus
Karstsinnectes parva
Karstsinnectes anophthalmus
Karstsinnectes acridorsalis
Troglonectes translucens
Troglonectes macrolepis
Troglonectes microphthalmus
Troglonectes canlinensis
Troglonectes furcocaudalis
Paranemachilus zhengbaoshani
Paranemachilus chongzuo
Paranemachilus jinxiensis
Paranemachilus genilepis
Yunnanilus analis

Yunnanilus pleurotaenia

Yunnanilus jiuchiensis

Locality

Andong Town, Xincheng County, Laibin City, Guangxi, China
Andong Town, Xincheng County, Laibin City, Guangxi, China
Tianhe Town, Luocheng County, Guangxi, China
Changmei Town, Huanjiang County, Guangxi, China
Hechi City, Guangxi, China
Dongmiao Village, Du’An County, Hechi City, Guangxi, China
N/A
Duan County, Hechi City, Guangxi, China
Ande Town, Jingxi City, Guangxi, China
Leiping Town, Daxin County, Guangxi, China
Bamu Town, Tiane County, Guangxi, China
Xiaao Town, Duan County, Guangxi, China
Dacai Town, Huanjiang County, Guangxi, China
Tianhe Town, Luocheng County, Guangxi, China
Andong Town, Xincheng County, Liuzhou City, Guangxi, China
Yongle Town, Rongshui County, Guangxi, China
Duan County, Guangxi, China
Daxin County, Chongzuo City, Guangxi, China
N/A
N/A
N/A
N/A
Jiuchi County, Penzhou City, Sichuan, China

Appendix 2

Voucher

N/A
N/A
GZNU2020011502
GZNU2020073102
GZNU20210823001
D1925
N/A
GZNU20210609004
Tissue ID: JTQ02
GZNU2019011310
GZNU2020
GZNU 2020082302
GZNU2019122202
GZNU2020041601
¢ FFL-2023
GZNU2020042701
GZNU20210526001
N/A
N/A
N/A
N/A
QT95
N/A

GenBank
number

OR712240
OR712241

ON116495
ON116507
ON148334
0Q024375
NC033960
ON116493
ON116520
ON116513
ON116515
ON116510
NCO073129
NCO073127
0Q129618
ON116512
ON116530
MW532082
NC039380
MT845213
MW729320
MW192447
MW532080

Table A2. Measurements of the eight species of Oreonectes. All units are in mm.

Species

0. andongensis sp. nov.

0. guananensis

0. guilinensis

Voucher number
GXNU20220601
GXNU20220602
GXNU20220603
GXNU20220604
GXNU20220605
GXNU20220606
GXNU20220607
GXNU20220608
GXNU20220609
GXNU20220610
KIZ2010003067
KIZ2010003068
KIZ2010003069
KIZ2010003070
KIZ2010003071
KIZ2010003072
ASIZB208001
ASIZB208002
ASIZB208003
ASIZB208004
ASIZB208005
ASIZB208006
ASIZB208007

TL SL BD BW HL HD HW  ED IW | STL
749 602 108 9.1 133 75 103 20 59 | 46
68.7 / 56.4/10.0 75 127 70 88 21 | 53 39
672 544 94 65 122 62 83 18 51 39
614 509 80 67 108 58 78 16 | 51 36
573475 76 61 102 56 71 14 | 46 | 3.5
523 /408 68 52 89 | 52 65 14 39 31
459 136.7 64 45 90 45 6.1 13 40 29
496 404 64 47 90 48 59 18 38 29
481 1384 64 47 84 49 61 14 38 29
461365 59 42 85| 45 56 | 1.5 37 26
90.2 1 71.5/11.8 87 166 83 113 18 | 74 52
768 614101 71 139 72 97 18 | 64 44
69.6 563 99 53 123 63 83 1.7 | 59 | 50
66.2 533105 52 123 64 90 18 | 52 | 46
629 510 97 6.1 112 58 84 16 52 42
885719117 94 166 78 113 1.7 | 70 | 6.2
89.7 /735123 93 16.0 103 122 16 | 78 | 6.1
814673123 91 141 81 107 13 | 70 | 50
828683124 101 148 9.1 121 20 | 75 | 6.0
838671124 97 145 90 117 15 | 67 | 44
822676124 93 143 82 104 17 | 63 | 45
632520 95 74 126 79 99 13 | 57 | 44
79.6 1 655118 9.1 133 86 11.0 15 | 69 46
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PDL
37.5
35.0
31.4
29.7
28.0
23.7
22.7
24.0
22.9
22.4
41.6
36.0
33.5
30.5
29.3
42.6
43.4
15.0
40.4
59.7
54.4
8.8
7.3

PPL
12.6
10.9
10.8
10.6
10.7
8.8
8.7
8.5
7.7
8.0
157
13.5
122
11.8
10.9
16.6
38.6
12.9
37.0
54.2
498
7.8
6.4

PVL
35.0
324
30.2
27.6
26.8
224
21.3
222
21.0
20.7
41.0
353
31.2
29.7
28.3
41.3
39.9
13.8
38.1
53.7
49.0
8.5
7.7

PAL
49.7
46.2
442
413
38.3
325
29.8
32.4
30.2
29.6
58.3
49.6
457
43.5
39.4
58.5
39.7
12.0
375
53.2
48.7
7.9
6.9

PANL
46.6
421
40.6
36.9
34.9
29.4
27.9
29.3
27.9
27.3
52.8
47.1
413
39.9
37.7
54.4
40.0
11.4
36.4
53.0
49.7

9.5
7.

CPL
6.8
7.0
6.4
6.5
6.4
4.9
4.9
5.4
5.8
5.7
9.6
7.8
6.8
6.4
6.5
8.3

31.4

10.2

291

413

38.6
6.3
5.1
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Species

0. luochengensis

0. platycephalus

O. polystigmus

0. polystigmus

Voucher number
K1Z2010003073
K1Z2010003074
K1Z2010003075
K1Z2010003076
K1Z2010003077
K1Z2010003242
KIZ2010003243
KIZ2010003244
KIZ2003007105
KIZ2003007106
K1Z2003007110
KIZ2005006211
KIZ2005006212
K1Z2005006214
KIZ2005006215
KIZ2005006216
KIZ2001004626
KIZ2001004627
KIZ2001004628
K1Z2001004629
K1Z2001004630
K1Z2001004631
K1Z2001004632
K1Z2001004633
K1Z2001004634

Table A2. Continued.

Species

0. andongensis sp. nov.

0. guananensis

0. guilinensis

Voucher number
GXNU20220601
GXNU20220602
GXNU20220603
GXNU20220604
GXNU20220605
GXNU20220606
GXNU20220607
GXNU20220608
GXNU20220609
GXNU20220610
KIZ2010003067
KIZ2010003068
KIZ2010003069
KIZ2010003070
KIZ2010003071
K1Z2010003072
ASIZB208001
ASIZB208002
ASIZB208003
ASIZB208004
ASIZB208005
ASIZB208006
ASIZB208007

TL
86.0
83.9
86.3
87.0
77.2
84.9
921
76.4
82.5
80.1
75.9
56.7
49.6
56.9
61.6
58.0
67.8
62.7
45.8
51.9
41.8
44.5
49.5
51.0
55.2

CPD
6.7
6.6
5.3
5.2
5.0
3.7
43
44
3.9
41
7.2
6.9
6.1
57
55
8.1

38.3

12.6

35.4

52.3

48.6
7.6
6.4

SL
712
67.0
68.8
71.2
62.2
68.6
74.7
61.3
64.2
63.2
60.9
43.1
38.7
46.5
47.7
45.6
54.7
52.4
37.4
42.5
337
36.0
39.9
412
44.4

BD
11.4
11.5
11.8
13.0
10.7
12.6
12.9
10.3
12.4
12.0
10.9
7.2
6.2
6.9
7.8
7.8
10.5
6.6
53
7.5
6.6
5.8
6.9
6.6
6.6

DFL | DFBL

10.8
10.7
10.5
9.3
8.5
71
6.6
6.8
71
6.8
12.7
11.0
10.0
9.7
9.5
12.7
12.2
12.8
11.6
12.0
11.5
8.7
11.4

6.9
5.8
6.3
53
4.9
4.2
3.9
3.9
3.8
3.3
6.8
6.0
5.4
5.8
5.6
7.0
6.8
59
6.3
4.8
5.5
5.4
5.6

BW
7.4
6.6
7.8
8.6
6.7
6.9
8.9
6.2
6.8
6.0
6.2
4.6
4.5
4.7
5.1
4.8
6.5
3.9
2.9
32
3.1
3.0
3.5
3.7
4.0

PFL
11.4
9.1
96
8.2
7.2
6.8
6.2
6.7
6.5
6.0
11.6
10.5
8.9
8.6
8.7
10.5
10.7
105
10.9
103
9.6
8.0
105
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HL
14.7
15.5
15.3
15.9
15.1
15.3
16.6
13.3
16.3
13.2
13.0
10.5
9.0
10.4
10.9
10.0
129
11.9
8.9
9.5
8.2
8.6
9.6
9.9
10.5

PFBL
23
23
2.1
2.2
1.9
1.4
1.6
1.7
16
1.2
2.8
2.3
2.1
2.3
17
3.2
2.7
2.9
3.1
2.1
2.9
2.0
2.2

HD
11.6
12.0
12.5
12.4
11.7
11.6
131
10.9
12.5
11.0
10.7

8.6

7.5

8.5

9.4

8.2

7.2

59

4.2

5.1

4.3

4.6

5.1

4.9

5.6

VFL
8.2
71
7.3
5.7
6.0
4.9
4.7
4.6
4.9
4.7
8.8
8.0
7.6
6.7
6.3

10.1
9.0
8.4
8.3
7.3
7.9
6.3
7.2

HW
10.7
9.2
10.4
10.0
10.5
10.1
11.5
9.1
11.2
9.9
9.7
7.0
6.1
7.2
7.0
6.7
9.6
7.7
5.1
59
52
59
6.2
6.3
7.4

VFBL
2.1
2.2
2.0
2.0
17
1.4
1.1
1.2
15
1.1
3.0
2.2
1.9
17
2.1
2.2
2.2
2.3
2.2
2.3
2.2
1.8
1.7

ED
2.1
2.0
1.8
1.6
2.0
1.8
1.5
1.6
2.4
1.9
1.4
1.5
1.8
1.7
1.7
1.5
1.7
1.5
1.2
1.6
1.4
1.4
1.2
1.6
1.5

AFL
8.7
8.7
9.4
7.4
7.3
5.8
6.1
6.4
6.8
5.6

10.5
9.5
8.5
7.6
8.2

10.5

10.9

10.1
9.8
9.8
9.7
8.1
8.8

6.0
6.2
6.7
6.9
6.7
6.2
7.5
5.4
6.7
59
59
5.0
4.0
5.0
5.0
5.0
59
4.8
3.3
3.8
3.6
3.4
3.8
3.4
4.5

AFBL
4.3
4.4
4.0
3.9
37
2.8
2.5
32
3.1
2.5
53
4.5
4.0
3.6
3.8
4.8
4.3
5.1
4.8
4.2
4.6
3.8
4.5

STL
5.5
5.2
5.8
5.5
5.4
5.5
6.1
5.4
6.1
4.6
5.0
4.3
3.3
4.2
3.7
3.5
4.5
43
29
3.3
2.8
3.3
3.0
3.4
3.3

PDL
42.5
39.6
41.8
42.4
37.8
40.2
47.2
35.5
41.5
411
383
26.7
233
28.4
28.6
27.4
33.1
31.4
239
25.6
19.9
21.8
25.5
24.5
26.8

PPL
14.4
13.2
14.2
14.3
13.6
13.1
15.2
12.4
14.1
14.4
11.6
2.6
8.5
8.4
10.5
9.2
11.6
115
7.2
9.2
8.5
8.3
9.3
8.5
10.0

MBL | OSBL

6.9
7.0
6.0
47
46
3.9
41
40
47
4.0
9.1
7.6
7.6
6.9
59
9.2
7.1
6.9
8.2
6.0
6.4
47
6.1

8.3
7.9
7.8
7.3
53
4.9
4.6
5.5
5.8
4.2
1.3
9.8
8.8
7.9
7.4
11.8
7.4
7.4
6.7
7.7
59
53
7.6

PVL
39.4
36.4
38.4
39.7
375
37.2
44.4
33.9
36.2
35.7
34.1
22.8
21.6
24.6
25.2
23.8
30.9
28.8
20.4
22.9
18.8
20.6
21.3
22.7
24.4

ISBL

6.3
5.7
5.5
52
3.8
23
2.7
2.4
38
2.8
7.8
5.9
6.3
5.0
3.4
6.8
46
5.2
4.4
5.1
45
4.4
4.6

PAL
58.2
53.7
55.7
57.2
51.3
55.3
62.0
49.6
51.3
50.6
47.2
34.5
30.4
36.3
38.4
35.9
441
1.7
30.6
32.5
27.4
28.9
32.0
32.8
35.3

DAN
43
4.6
41
3.6
3.2
2.8
2.8
3.2
2.9
2.5
5.1
48
43
4.1
4.1
5.9
5.7
4.1
5.1
48
4.9
3.8
4.1

PANL
52.8
48.7
50.3
51.6
48.9
49.4
55.5
46.2
488
46.5
457
317
28.8
33.3
34.6
32,5
39.9
39.2
28.5
29.1
25.0
27.5
30.1
29.2
33.4

DPN
4.7
4.8
4.7
4.2
4.0
3.4
3.2
3.5
3.0
29
5.7
5.0
4.7
4.8
4.5
6.2
6.0
4.8
5.6
5.0
5.1
4.5
4.9

CPL
7.3
6.9
7.8
7.4
7.0
6.9
8.7
7.6
71
7.7
7.8
6.3
5.1
5.6
6.4
5.5
5.6
6.1
4.3
6.1
3.5
4.0
4.7
4.2
5.2

DAPN
1.5
1.2
1.2
1.1
0.9
0.8
0.7
0.9
0.8
0.9
1.4
1.8
1.2
1.6
0.9
1.8
1.9
1.5
1.7
1.7
1.4
1.3
1.0
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Species

0. luochengensis

O. platycephalus

0. polystigmus

0. polystigmus

Voucher number
KIZ2010003073
KIZ2010003074
KIZ2010003075
KIZ2010003076
KIZ2010003077
KIZ2010003242
K1Z2010003243
KIZ2010003244
K1Z2003007105
K1Z2003007106
K1Z2003007110
K1Z2005006211
K1Z2005006212
K1Z2005006214
K1Z2005006215
K1Z2005006216
K1Z2001004626
K1Z2001004627
K1Z2001004628
KIZ2001004629
KI1Z2001004630
KI1Z2001004631
KIZ2001004632
KIZ2001004633
K1Z2001004634

CPD
8.6
6.6
7.5
7.5
71
6.8
8.7
6.0
8.9
7.9
7.5
5.8
5.7
5.8
6.1
5.5
7.3
5.8
3.2
4.2
3.9
43
3.8
5.0
4.3

DFL | DFBL
13.0 7.5
127 6.7
132 69
123 6.8
114 63
12.7 | 6.6
126 7.3
113 6.0
136 6.8
120 6.4
9.5 | 6.0
85 | 41
80 | 43
9.5 | 46
9.4 | 46
88 | 45
10.1 | 6.0
89 | 48
68 | 3.7
75 | 42
6.7 | 3.6
6.1 | 3.2
71 | 3.6
8.1 | 40
78 | 54

PFL
10.9
11.7
12.7
11.9
10.8
11.6
12.0
1.3
129
11.5
9.4
8.5
8.5
9.1
9.1
9.3
8.3
71
6.2
7.0
53
5.2
5.6
8.0
7.0
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PFBL
2.9
2.8
3.1
29
3.0
3.0
3.6
3.4
3.5
2.5
2.5
1.9
2.0
1.8
2.3
2.1
2.0
2.0
1.6
1.8
1.5
1.5
1.1
1.7
1.9

VFL
8.5
9.0

10.1
9.3
8.2
9.8
9.3
8.6

11.5
9.7
8.8
7.6
7.2
7.7
8.0
8.0
7.0
6.3
59
52
4.9
4.5
59
59
6.0

VFBL
2.2
23
2.4
2.3
1.9
2.7
2.4
2.0
2.7
2.1
2.2
1.6
18
1.8
2.0
1.8
1.7
16
1.4
1.1
1.0
1.4
1.1
12
16

AFL
11.4
10.9
11.6
10.9
9.6
10.5
10.5
9.6
12.1
10.5
8.8
8.2
7.4
8.4
8.8
8.2
8.6
8.1
6.1
6.8
5.0
5.4
6.9
7.5
7.4

AFBL
5.0
4.4
4.9
5.1
4.6
5.0
4.9
4.2
4.9
5.2
4.6
3.7
3.5
3.7
3.7
3.8
4.3
3.9
4.1
3.6
2.6
2.6
3.9
3.3
4.0

MBL | OSBL
6.1 7.3
6.7 7.7
8.5 9.3
7.2 8.3
7.5 9.4
6.4 6.7
7.2 7.4
6.4 6.6
9.2 | 109
6.9 8.2
6.5 7.0
5.4 5.5
4.6 5.6
4.8 4.9
4.7 6.1
3.8 5.8
6.5 7.9
6.4 5.4
3.0 4.6
4.9 5.5
2.9 4.6
3.5 49
3.7 3.8
5.0 6.1
59 5.8

ISBL
4.4
45
6.2
46
5.6
48
48
5.1
6.3
53
42
42
3.4
4.1
3.9
3.7
47
35
3.2
3.1
17
2.7
2.4
47

4.1

DAN
5.0
4.9
5.2
5.0
5.0
4.9
5.2
4.7
5.7
4.9
4.0
4.0
3.0
3.9
4.0
32
4.8
3.4
2.7
2.9
27
2.3
2.8
3.0
3.0

DPN
56
53
58
5.4
52
5.4
6.0
5.0
6.2
5.1
49
43
3.4
41
46
4.0
5.4
44
3.3
3.3
3.2
3.0
3.5
3.5
3.6

DAPN
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Abstract

We newly report 25 provincial records of rove beetles (Coleoptera: Staphylinidae) from
the province of Quebec from the following subfamilies: Steninae (1), Euaesthetinae (1),
Omaliinae (2), Oxyporinae (1), Paederinae (1), Proteininae (1), Pselaphinae (2), Scaphi-
diinae (2), Scydmaeninae (2), Staphylininae (11) and Tachyporinae (1). Among these,
two species are also reported for the first time from Ontario, two from Nova Scotia,
and five are new Canadian records. We also report the first supporting data for Sunius
melanocephalus (Fabricius, 1792) and Scopaeus minutus Erichson, 1840 for Quebec,
and of Arpedium schwarzi Fauvel, 1878, Phyllodrepa punctiventris (Fauvel, 1878), and
Sepedophilus basalis (Erichson, 1839) for Ontario. Specimen data and diagnoses are
provided for each species, as well as references for identification where available.

Key words: Euaesthetinae, Omaliinae, Paederinae, Proteininae, Pselaphinae, Scaphidi-
inae, Staphylininae, Steninae, Tachyporinae

Introduction

The rove beetles (Staphylinidae) are one of the most speciose insect groups,
with more than 66,000 described species (Newton 2022) and many more to
discover. However, faunistic knowledge and a precise inventory are still lack-
ing in most parts of the world. Many recent works (e.g., Brunke and Marshall
2011; Brunke et al. 2011, 2012a, 2021; Webster and Demerchant 2012a, 2012b,
Webster et al. 2012a, 2012b, 2012c, 2012d, 2012e, 2012f, 2016; Brunke 2016;
Klimaszewski et al. 2016, 2017, 2020, 2021) have documented and greatly ex-
panded the knowledge on species diversity in Canada. In the latest checklist of
the beetles of Canada and Alaska (Bousquet et al. 2013), there were 769 spe-
cies of rove beetles known from the province of Quebec. Since then, this number
has significantly increased, whether through the descriptions of new species,
or by more extensive inventories resulting in the discovery of broader distri-
butions for described species. In recent years, molecular-based approaches
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to faunistics have provided several important additions to the Staphylinidae
of Canada and underlined the necessity for a deeper and more extensive tax-
onomic study of Nearctic beetles (Hebert et al. 2016; Pentinsaari et al. 2019;
Brunke et al. 2021). Despite the enormous changes to the fauna of Canada and
Quebec since Bousquet et al. (2013), many staphylinid groups remain in the
same or similar state of knowledge as reported in Brunke et al. (2012b). The
small size of most species, their great diversity, and the lack of easily observed,
external diagnostic characters in many groups have traditionally made these
beetles less attractive for collectors, but their ubiquity and diversity of ecolog-
ical roles make them extremely useful tools for ecological and conservation
studies (Pohl et al. 2008).

Following the examples set by the above cited works, and in order to better
document species in northeastern Canada, the authors have increased their
efforts in the last few years to collect and identify many specimens of rove
beetles from various locations in the province of Quebec. This collecting effort,
in conjunction with intensive curational work in some major collections, has led
to the discovery of several unrecorded species in the province and elsewhere
in Canada. We report 25 new records of Staphylinidae in Quebec (excluding the
Aleocharinae, which will be treated in a separate paper), with two additions to
the Ontario fauna and two from Nova Scotia. We also provide images for poorly
known species that have not been clearly illustrated previously in the North
American taxonomic literature.

Materials and methods

Acronyms of collections referred to in this publication are as follows:

CCC Claude Chantal Insect collection (private collection), Varenne, Quebec,
Canada

CTC Claude Tessier Insect collection (private collection), Cap-Rouge, Que-
bec, Canada

CMNC Canadian Museum of Nature, Gatineau, Quebec, Canada

CNC Canadian National Collection of Insects, Arachnids, and Nematodes,
Agriculture and Agri-Food Canada, Ottawa, Ontario, Canada

DEBU University of Guelph Insect Collection, University of Guelph, Guelph,
Ontario, Canada

LFC  LaurentianForestry Center (Natural Resources Canada), René-Martineau
Insectarium, Quebec, Quebec, Canada

LLC  Ludovic Leclerc Insect Collection (private collection), Quebec, Quebec,
Canada

NBC Nicolas Bédard Insect Collection (private collection), Quebec, Quebec,
Canada

ORC  Ouellet-Robert Collection, Université de Montréal, Montréal, Quebec,
Canada

PBC Pierrick Bloin Insect Collection (private collection), Quebec, Quebec,
Canada

PdTC Pierre de Tonnancour Insect Collection (private collection), Quebec,
Quebec, Canada
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RVC RobertVigneaultInsect Collection (private collection), Oka, Quebec, Canada
SDC Stéphane Dumont Insect Collection (private collection), Montréal,
Quebec, Canada

Canadian province and territory abbreviations:

AB Alberta

BC British Columbia
LB Labrador

MB Manitoba

NB New Brunswick
NF Newfoundland
NS Nova Scotia

NT Northwest Territories
NU Nunavut

ON Ontario

PE Prince Edward Island
QcC Quebec

SK Saskatchewan

YT Yukon Territory

Most specimens from 2020-2023 were collected using various active meth-
ods, such as using an entomological aspirator and by sifting various substrates
(wood chips, decaying plant matter, etc.). Many individuals were captured in
different types of traps, mainly pitfall traps baited with vinegar and ethanol, but
also using white tulle fabric interception traps and standard flight-interception
traps with collection pans underneath. Some species were also attracted with
UV light, either suspended on a white sheet or combined with a white-cross-vane.
Many, mostly older records, were found after consulting several collections.

Identifications were made by using available literature (see documentation
under each species) or by comparing with voucher specimens housed in the
LFC or the CNC. Most specimens were dissected, and their genitalia were
mounted in Canada balsam or Euparal, on a microslide with the specimens.
Specimens requiring confirmation were validated with external expertise, with
detailed pictures or through physical examination. The illustrations were made
using a Canon EOS 90D camera with a Canon MP-E 65mm /2.8 1-5x lens,
mounted on Cognisys Stackshot Macro-Rail. The images were processed and
stacked using Helicon Focus, and final adjustments were made using Adobe
Lightroom/Photoshop.

New provincial and Canadian records

Adventive species are indicated with an asterisk (*) after the name. Only examined
specimens deposited in private or public collections are reported under specimen
data. The occurrence records from various websites, such as iNaturalist or BugGu-
ide, are reported as “Internet data”, but only if the pictures were detailed enough for
confident identification. The distribution of each species in Canada is based on the
most recent available work, with new territory records placed in bold.
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Label data are provided in chronological order for every species within each
regional county municipality (MRC). Some data were translated from French to
English, and various details known but not necessarily appearing on the labels
(e.g., current MRC, GPS coordinates, collecting technique, general habitat, etc.)
have been added. Each recent record follows the format: COUNTRY: PROVINCE
- County/Regional county municipality, City [more precise location when nec-
essary](GPS points), date of collecting, collector(s), collection method (number
of specimen(s), collection abbreviation in which they are deposited). For older
specimens, labels were reported verbatim, since data were frequently incom-
plete or imprecise.

Family Staphylinidae Latreille, 1802
Subfamily Steninae MacLeay, 1825

Stenus (Stenus) colon Say, 1831
Fig. 1

Note. This species was previously only known to reach Ontario in Canada
(Bousquet et al. 2013). It can be separated from the other Stenus species by the
wide reniform macula on each elytron, pale femora, usually with dark band at mid-
length, and the head broader than the elytra. In the northeast, it is unmistakable
and does not resemble any other known species. It resembles to the more south-
erly distributed Stenus renifer Lec., from which it can be readily distinguished by
its larger size, broader elytra, and denser abdominal punctuation.

Specimen data. CANADA: QUEBEC - MRC de Memphremagog, Potton
(45.0162, -72.4344), 20.VII-5.VII1.2022, N. Bédard, pitfall trap on a sandy river
shore (1, NBC). — Ville de Québec, Cap-Rouge (46.7543,-71.3464), 29.V1.2023,
C. Tessier, on a river bank (3, CTC). — Ville de Lévis, St-Nicolas (46.6902,
-71.3120), 29.1X.2009, C. Tessier, sifting grass pile near a wetland (1, CTC).

Distribution in Canada. ON, QC (Bousquet et al. 2013) - New to Quebec.

Subfamily Euaesthetinae Thomson, 1859
Euaesthetus similis Casey, 1884

Note. See Puthz (2014) for identification and illustrations. The available collec-
tion data (Puthz 2014) indicate that this species is predominantly found near
water, inhabiting wetlands and areas along rivers. One specimen was collect-
ed in a muskrat nest. Less often, the species has also been collected in drier
microhabitats including an alvar and cotton fields, although both of these hab-
itats may experience flooding during heavy rains. Males can be easily recog-
nized among other Euaesthetus by their strongly iridescent elytra and bifurcate
parameres of the aedeagus (Puthz 2014).

Specimen data. CANADA: QUEBEC - MRC de-la-Vallée-du-Richelieu, Cari-
gnan (45.475882,-73.274623), 6.V.2022, N. Bédard, sifting river debris (1, NBC).
- MRC de Memphrémagog, Potton (45.0259, -72.4279), 5.VI11.2022, L. Leclerc,
pitfall trap baited with apple cider vinegar (2, LLC).

Distribution in Canada. ON, QC, NB (Puthz, 2014) - New to Quebec.
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Subfamily Omaliinae MacLeay, 1825

Arpedium schwarzi Fauvel, 1878
Fig. 2

Note. See Campbell (1984) for identification. Arpedium schwarzi was previous-
ly recorded in Ontario, Canada, only from specimens collected at the hedge-
row edges of soybean fields (Brunke et al. 2014, see supplementary material).
Vouchers were deposited in DEBU, but the specimen data were not published.
They are provided below, along with a new record from Quebec.

Specimen data. CANADA: ONTARIO - Huron Co., Auburn (43.729, -81.528),
23.X1.2009, A. Brunke, forested hedgerow beside soybean field, pitfall (1, DEBU);
Auburn (43.745, -81.508), 27.X.2010, forested hedgerow beside soybean
field, near river, pitfall (1, DEBU); Auburn (43.745, -81.514), 10.X1.2010, forest
hedgerow beside soybean field, pitfall (1, DEBU); Brucefield (43.509, -81.528),
23.X1.2009, A. Brunke, hedgerow near ditch, pitfall (3, DEBU). QUEBEC - MRC de
Memphrémagog, Magog (45.281547, -72.171752), 25.V.2023, P. Bloin, sifted
from Sphagnum moss in a bog (1, PBC).

Distribution in Canada. ON, QC (Bousquet et al. 2013) - New to Quebec, sup-
porting data for Ontario.

1mm

[

1

1mm

2

Figures 1, 2. Habitus and aedeagus of 1 Stenus colon Say, 1831, aedeagus dorsal view 2 Arpedium schwarzi Fauvel, 1878,

aedeagus ventral view.
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Phyllodrepa punctiventris (Fauvel, 1878)
Fig. 3

Note. Phyllodrepa punctiventris is easily distinguished from other species in
eastern North America by the entirely pale body. In the case of teneral speci-
mens, it can be recognized by the pronotum with microsculpture of transverse
waves across the entire disc, elytra without scratch-like sculpture between the
punctures and elytral punctures in clear longitudinal rows. The parameres of the
aedeagus are also distinctive (Fig. 3). Little has been published about the spe-
cies’ microhabitat preferences, but it may live in bird nests or tree-holes, as one
of the Quebec specimens was collected in a canopy trap and one specimen from
Washington DC (CNC) was collected from an oak tree-hole. We are not aware of
previously published specimen data for Ontario, so the data are provided below.

Specimen data. CANADA: ONTARIO - Chatham-Kent Region, Rondeau Pro-
vincial Park, Nature Centre, at blacklight at edge of forest, 31.V.1985, L. LeSage
(1, CNC). QUEBEC - MRC des Deux-Montagnes, Parc National d'Oka (45.4767,
-74.0537), 27.V.2002, R. Vigneault [Collected with permit] (1, RVC); Same gen-
eral locality and collector but 20.V.2017 (1, RVC); Same general locality and
collector but 2.V.2018, white tulle fabric interception trap in a compost site (1,
LLC). - MRC du Haut-St-Laurent, Havelock (45.026750, -73.800528), 3-18.
VI1.2023, N. Bédard, Canopy cross-vane trap with fermentation bait (1, NBC).

Distribution in Canada. ON, QC (Bousquet et al. 2013) - New to Quebec,
supporting data for Ontario.

Subfamily Paederinae Fleming, 1821
Scopaeus (Scopaeus) minutus Erichson, 1840*

Note. See Brunke and Marshall (2011) for illustrations and identification. This ad-
ventive species was first reported from Montreal, Quebec, Canada, by Frisch et al.
(2002) without presenting precise occurrences or vouchers. Additional data were
provided by Brunke and Marshall (2011) for Ontario and by Webster et al. (2016)
for New Brunswick, and we here provide the first distribution data for Quebec.

Specimen data. CANADA: QUEBEC - Ville de Lévis, Saint-Nicolas (-71.3120,
46.6902), 14.V.2022, L. Leclerc, sifted from wood debris and Sphagnum sp.
(1, LLC). - Ville de Québec, St-Augustin-de-Desmaures (46.7371, -71.4122),
6.V.2023, N. Bédard, sifting moss on a disturbed field (3, NBC). - MRC de Port-
neuf, Pont-Rouge (46.7543,-71.7183), 1.VIII.2022, L. Leclerc, ultraviolet cross-
vane panel trap (1, LLC); same locality except 22.1V.2023, L. Leclerc, by sifting
Betula and Populus leaf litter in a sandpit (2, LLC).

Distribution in Canada. ON, QC, NB (Webster et al. 2016) - Supporting data
for Quebec.

Hypomedon debilicornis (Wollaston, 1857)*
Fig. 4

Note. As reported by Schiilke and Smetana (2015), this cosmopolitan spe-
cies has been recorded from Nearctic, Neotropical, Palearctic, Oriental, and
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Figures 3, 4. Habitus and aedeagus of 3 Phyllodrepa punctiventris (Fauvel, 1878), aedeagus ventral view 4 Hypomedon
debilicornis (Wollaston, 1857), habitus only.

Australian regions. Notably, this species exhibits parthenogenesis wherein fe-
males evolved without sexual reproduction, a factor that is believed to have
facilitated its spread (Owen and Allen 2000). The species can be distinguished
from other Medonina in eastern Canada by its pale body, small but protruding
eyes, transverse subapical antennomeres, smooth lateral pronotal margins and
lack of velvety appressed pubescence on the forebody. We here extend its dis-
tribution northward and newly report the species from Quebec and Canada.

Specimen data. CANADA: QUEBEC - MRC Marguerite-D’Youville, Saint-Am-
able (45.6431,-73.3341), 31.VII1.2023, L. Leclerc, by sifting wood chips heap (2,
CNC; 5,LLC; 1, PBC; 1, NBC).

Distribution in Canada. QC - New to Canada and Quebec.

Sunius melanocephalus (Fabricius, 1792)*

Note. See Assing (1995, 2008) and Brunke and Marshall (2011) for identifica-
tion and illustrations. As in Scopaeus minutus, no voucher data were provided
with the first Quebec record (Campbell and Davies 1991). The species was re-
corded for the first time in North America by Hoebeke (1991), and Brunke and
Marshall (2011) added records for Ontario. We here provide supporting data for
Quebec, including those for the original record, and the oldest available Canadi-
an records for the species thus far. The species has occurred in North America
since at least 1924 (Hoebeke 1991).
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Specimen data. CANADA: ONTARIO - Ottawa Reg., Kinburn, 10.X.1967, J.M.
Campbell & A. Smetana, ex. nest of Microtus pennsylvanicus (1, CNC); Otta-
wa [Shirley’s Bay], 2.V.1979, A. & Z. Smetana (2, CNC); Fitzroy Provincial Park,
2-3.V.1979, A.&Z. Smetana (1, CNC); Kanata, 25.1V.1969, A. Smetana (1, CNC);
Ottawa, 12.IV.1959, J.E.H. Martin (2, CNC). - Toronto Reg., Toronto [Isling-
ton], 24.VII1.1990, S. Snall (1, CNC); Toronto, 12.1X.1990, S. Snall, lakeshore (1,
CNC). QUEBEC - Parc de la Gatineau, King Mountain, 20.IV.1968, A. Smetana
(1, CNC). - MRC de-la-Vallée-du-Richelieu, Carignan (45.475882, -73.274623),
6.V.2022, N. Bédard, Sifting grass pile near an urban forest (3, NBC). - MRC de
Ille-d’'Orléans, Saint-Pierre-de-I'lle-d’Orléans (46.8813, -71.0551), 10.1X.2022,
L. Leclerc, sifted from Populus and Betula leaf litter (1, LLC). - MRC des Jar-
dins-de-Napierville, Sainte-Clothilde [Pieége #1 carrottes] 17.V1.1985, Guy
Boivin (1, CNC). - Ville de Québec, Sainte-Foy (46.7923, -71.2803), sifted from
Robinia pseudoacacia leaf litter (2, LLC); Cité-Universitaire (46.7863, -71.2686),
26.1V.2023, L. Leclerc, sifted from wood chips (2, PBC).

Distribution in Canada. ON, QC (Bousquet et al. 2013) - Supporting data for
Quebec.

Subfamily Oxyporinae

Oxyporus ashei Campbell, 1978
Fig. 5

Note. See Campbell (1978) for identification. Oxyporus ashei was described
by Campbell (1978) based on four specimens from North Carolina. We newly
record it here from southern Canada (QC, ON), extending its distribution far
northward. This species is rarely collected but can be easily recognized by the
mostly pale orange-yellow body dorsally, contrasting with the dark ventral head
and thorax. Its color pattern is strikingly similar to the distantly related and
common eastern species Pseudoxyporus lateralis (Gravenhorst, 1802) but can
be distinguished by the much shorter antennae and entirely dark mandibles.

Specimen data. CANADA: QUEBEC — MRC des Deux-Montagnes, Parc Na-
tional d'Oka (45.472273,-74.049343), 1.VI1.2018, R. Vigneault, white tulle fabric
interception trap [Collected with permit] (1, RVC).

Internet data. CANADA: ONTARIO- York Co., King City (43.9635, -79.5227),
2.VII.2021, Shuk Han (Nancy) Mak, Recorded through INaturalist (Obs.:
89701768).

Distribution in Canada. ON, QC - New to Ontario, Quebec, and Canada.

Subfamily Proteininae Erichson, 1839
Proteinus parvulus LeConte, 1863

Note. See Webster et al. (2016) for illustrations and identification. The spe-
cies was described by LeConte (1863) from “Lake Superior”. This was later
corroborated by records from Ontario by Hubbard et al. (1878). More recently,
Webster et al. (2016) have extended its known range by recording it from six
Canadian provinces (see below). Although recognized as a transcontinental
species in Canada, the distribution appeared disjunct as there have been no
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1mm

Figure 5. Habitus of Oxyporus ashei Campbell, 1978, dorsal and lateral views.

published records of its presence in Quebec until now. We here support this
distribution with the first vouchers of the species from Quebec.

Specimen data. CANADA: QUEBEC - MRC La Jacques-Cartier, Lac-Croche
(47,389896, -71,811252), 8-22.VII.2020, Christian Hébert (Canadian Forest
Service), pitfall trap, projet d'aire protégée Ya'nienhonhndeh [2020-3-8822],
(1, LFC); same information but (47,419579, -71,801022), 22.VII-6.VII1.2020,
[2020-3-9022], (1, LFC); same information but (47,403227, -71,796046) [2020-
3-8891], (1, LFC); same information but (47,259286, -71,659231), multi-direc-
tional impact trap [2020-3-8943], (1, LFC); same information but (47,371618,
-71,782273) multi-directional impact trap [2020-3-8943], (2, LFC).

Distribution in Canada. YT, BC, AB, SK, MB ON, QC, NB (Webster et al. 2016)
- New to Quebec.

Subfamily Pselaphinae Latreille, 1802
Eutyphlus schmitti Raffray, 1904

Note. See Owens and Carlton (2016) for illustrations and identification. The
first five specimens were found in Berlese-Tullgren extractions of forest leaf
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litter collected on Mont Echo in 2012 (one on 14 June, and four on 20 July). All
of these specimens come from stands dominated by Acer saccharum, Betula
papyrifera, and Fagus grandifolia. It represents the first record of this genus and
species in Quebec and Canada. Another specimen was found in 2016 in south-
ern Quebec, in a pitfall trap in a maple-dominated forest. Eutyphlus schmitti is
present in mountainous regions from Quebec and New Hampshire, southward
to North Carolina and westward to Ohio (Owens and Carlton 2016; present
study). It was found to be particularly abundant in old-growth hardwood forests
in New Hampshire (Chandler 1987).

Specimen data. CANADA: QUEBEC - MRC du Bréome-Missisquoi, Sutton
(45.10389,-72.50861) 14.VI.2012, P.M. Brousseau, maple forest (1, ORC); same
but 20.VI1.2012 (4, ORC). - MRC du Granit, Lac Mégantic [148-101], 21.VI1.2016,
MFFP, pitfall trap 2016-0004 (1, LFC).

Distribution in Canada. QC (Owens and Carlton 2016) - New to Quebec and
Canada.

Thesium cavifrons (LeConte, 1863)

Note. See Grigarick and Schuster (1980) and Chandler (1989) for identification
and illustrations. This species is the only Thesium in northeast North America
(Chandler 2000). It can be readily distinguished from the other members of
Euplectini by the carinate prosternum and the clearly separated mesocoxal cav-
ities. In addition to the literature cited above for its identification, photos of the
holotype are accessible via the MCZ website (type #27740).

Specimen data. CANADA: QUEBEC - Gatineau City, Buckingham (45°34'N,
75°28'W) 3-10.VII.2000, C. Hébert (Canadian Forest Service), Projet Verglas
(1, CNC).

Distribution in Canada. ON, QC (Bousquet et al. 2013) - New to Quebec.

Subfamily Scydmaeninae Leach, 1815
Euconnus (Euconnus) remiformis Stephan & Chandler, 2021

Note. See Stephan et al. (2021 [2020]) for identification and illustrations. This
and the following species were recently described in a Nearctic revision of the
subgenus Napochus (Stephan et al. 2021 [2020]), from specimens collected in
several eastern states. Both were initially described in the subgenus Napochus,
but shortly after their description, Jatoszynski (2021) synonymized the sub-
genus with Euconnus s. str. Euconnus remiformis is mostly known from the
southeastern United States, but was also reported from the northeast based on
a single specimen from Maine (Stephan et al. 2021 [2020]). The present record
supports a more widespread distribution in the north.

Specimen data. CANADA: QUEBEC - MRC du Haut-St-Laurent, Havelock
(45.0258, -73.7993), 3—-17.VI1.2023, N. Bédard, Interception trap in an oak and
maple forest (1, NBC).

Distribution in Canada. QC (Stephan et al. 2021 [2020]) - New to Quebec and
Canada.
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Euconnus (Euconnus) separatus Stephan & Chandler, 2021

Note. See Stephan et al. 2021 [2020]) for identification and illustrations. This
species was known to occur as far north as the Upper Peninsula of Michigan,
south to Florida, where it is rather common (Stephan et al. 2021 [2020]). There-
fore, its presence in southern Quebec and Canada was expected and it is likely
even more widespread in eastern Canada (Ontario and New Brunswick) given
greater sampling effort, and modern taxonomic revision available.

Specimen data. CANADA: QUEBEC - MRC du Haut-St-Laurent, Havelock
(45.0258, -73.7993), 3-17.VI1.2023, N. Bédard, Interception trap in an oak and
maple forest (1, NBC).

Distribution in Canada. QC (Stephan et al. 2021 [2020]) - New to Quebec and
Canada.

Subfamily Scaphidiinae Latreille, 1806
Baeocera inexpectata Lobl & Stephan, 1993

Note. See Lobl and Stephan (1993) for illustrations and identification. Initially
described only from Saskatchewan (L&bl and Stephan 1993), this species was
recently found in New Brunswick by Webster et al. (2012e), greatly extending
its range eastward. The authors suggested that it was likely to be found in the
intervening territories, and this is supported by the new record from Quebec.
This small species is a member of the congener group of species and can be
easily identified by the shape and the structures of the male genitalia, with each
paramere bearing a medial membranous lobe.

Specimen data. CANADA: QUEBEC - MRC de Manicouagan, Pointe-aux-Ou-
tardes (49.0943, -88.3005), 24.V1.2021, N. Bédard [#2559], handpicked in tide
debris on a beach (1, NBC).

Distribution in Canada. SK, QC, NB (Bousquet et al. 2013) - New to Quebec.

Scaphisoma americanum (Lo6bl, 1987)

Note. See Lobl (1987) for illustrations and identification. This species was
described in the genus Caryoscapha Ganglbauer by L&bl (1987) from various
locations in eastern North America, the northernmost records being from II-
linois. Despite its relatively large body, it remained overlooked in most of its
range. The genus was later synonymized with Scaphisoma by Leschen and L&bl
(2005). We report for the first time its presence in Canada, based on specimens
from Quebec, Ontario, and Nova Scotia.

Specimen data. CANADA: ONTARIO - Haldimand-Norfolk Reg., Cronmiller
property [~6 km W St. Williams] (42°40'18"N, 80°29'24"W), 31.V-15.V1.2011,
Brunke & Paiero, forest near vernal pools, malaise (1, DEBU); Turkey Point Pro-
vincial Park (42°41'48"N, 80°19'48"W) 19.V.2011, A. Brunke, forest site 1, Ber-
lese leaf and log litter (1, DEBU). - Northumberland Co., Peter's Woods Provin-
cial Nature Reserve (44°7'27"N, 78°2'21"W), 12.X1.2011, Brunke & Paiero, forest
(1, DEBU); same except 6.X.2011 (2, DEBU); same except 27.V1.2011 (1, DEBU);
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Barr property [~ 7km NE Centreton], 1-16.V1.2011, Brunke & Paiero, field site
2, malaise, (1, DEBU). QUEBEC - MRC de Ile-d’Orléans, Saint-Pierre-de-I'lle-
d'Orléans (46.8772, -71.0620), 11.VI.2022, L. Leclerc, beaten from fresh Ce-
rioporus squamosus (3, LLC); Ville de Québec, Pointe-de-Sainte-Foy (46.7506,
-71.3183), 11.VI.2023, L. Leclerc, sifted from fresh Pleurotus ostreatus (4, LLC)
- Montréal, 1.1X.1972, E.J. Kiteley (5, CNC); same except 31.VIII.1979 (3, CNC);
same except 14.V1.1983 (1, CNC). - MRC de Bécancour, Bécancour (Riviere Go-
defroy) (46.2977, -72.5321), 4.1X.2023, N. Bédard, sifted from Hericium coral-
loides (7,NBC; 1, LLC). NOVA SCOTIA - Cape Breton Highlands National Park,
Lone Shieling, 1.VI1.1983, R. Vockeroth, malaise trap (1, CNC).

Distribution in Canada. ON, QC, NS - New to Quebec, Ontario, Nova Scotia,
and Canada.

Subfamily Staphylininae Latreille, 1802

Gabrius amulius Smetana, 1995
Fig. 6

Note. This rare species was first recorded in Canada by Brunke and Marshall
(2011) from a single specimen captured in Ontario. Consistent with known hab-
itat data, the specimen reported below was caught in a deciduous forest, and
represents the first known occurrence of this species in Quebec.
Specimen data. CANADA: QUEBEC - Ville de Gatineau, Forét Boucher
(45.4208,-75.8167), 17.V1.2023, F. Génier & S. Laplante (1, CMNC).
Distribution in Canada. ON, QC (Bousquet et al. 2013) - New to Quebec.

Neobisnius jucundus (Horn, 1884)
Fig. 7

Note. See Frank (1981) for identification. Neobisnius jucundus was originally
described by Horn in 1884, based on two female specimens from South Caro-
lina. It has since been found to have a widespread presence in North America,
extending into several Canadian provinces (Bousquet et al. 2013). Here we
further extend its known Canadian distribution to include southern Quebec.
It becomes the fifth species of the genus known from Quebec. Among the
bicolored species of the genus, it can be recognized in eastern Canada by the
following combination of characters: head longer than wide and with obvious
microsculpture dorsally; eyes occupying ~ 14 of head length; elytra narrowly
pale at apex (< 40%); one or more palpomeres of maxillary palpus darkened.
The species can also be recognized by the distinctive shape of the aedeagus
(Frank 1981).

Specimen data. CANADA: QUEBEC - MRC des Deux-Montagnes, Parc na-
tional d'Oka (45.476466,-74.054149), 11.V.2023, R. Vigneault, white tulle fabric
tissue in a compost site [Collected with permit] (1, RVC). - MRC de Memphrém-
agog, Potton (45.0259, -72.4279), 5.VI.2022, L. Leclerc, N. Bédard & P. Bloin,
handpicked under flood debris (1, LLC; 3, NBC; 1, PBC); same locality, except
16.V1.2022 (1, PBC); same locality except 20.VII-5.VI11.2022, pitfall trap baited
with apple cider vinegar (1, LLC). - MRC du Granit, Saint-Augustin-de-Woburn
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Figures 6, 7. Habitus and aedeagus of 6 Gabrius amulius Smetana, 1995, aedeagus ventral and lateral views 7 Neobisnius
jucundus (Horn, 1884), aedeagus ventral view.

(45.416694, -70.879500), 12.V.2022, sandy-gravelly bank of a small river lit-
tered with woody debris, N. Bédard & P. Bloin (3, NBC; 1, PBC).

Distribution in Canada. BC, AB, SK, MB, ON, QC, NB (Bousquet et al. 2013) -
New to Quebec.

Ocypus nitens (Schrank, 1781)*

Note. See Brunke et al. (2011) and Brunke (2016) for illustrations and identi-
fication. This large adventive species is native to Europe, the Caucasus, Iran,
and Turkey (Herman 2001), and was first detected in eastern North America
in Massachusetts in 1944 (Newton 1987). For more than fifty years, it ap-
parently remained confined to a small area in New England (Newton 1987;
Brunke 2016), but it has since expanded rapidly its range to Maine by 1989,
Rhode Island by 1995 (Brunke et al. 2011), New York by 2010, Vermont and
Ontario by 2014 (Brunke 2016) and New Brunswick by 2018 (Knopf and Gilm-
ore 2018). Records from BugGuide were mentioned in Brunke (2016), but
those from iNaturalist were not considered, and are here referred-to because
they represent most of the observations available for the province of Que-
bec and Nova Scotia, and greatly extend its known range. The species has
been known from Quebec since at least 2013 according to iNaturalist re-
cords. There were 38 INaturalist observations for the province of Quebec, 33
of which were confirmed and verified. These data (grouped here) represent
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a widespread area in southern Quebec, reaching its northernmost limit at
the level of Montreal and Sherbrooke south to Godmanchester and Potton.
We also provide physical specimen data to support the presence of Ocypus
nitens in Quebec.

Specimen data. CANADA: QUEBEC - Montréal (45.5436,-73.6901), 31.V.2018,
S. Dumont, pitfall trap (1, SDC); (45.5430-73.6911), 13.VI.2023, handpicked un-
derarock (2, SDC); (45.5436,-73.6901),20.X.2023, pitfall trap (2, SDC); 23.X.2023
(1,SDC); 12.X1.2023 (5, SDC); 16.X1.2023 (2, SDC), 17.X1.2023 (2, SDC). - MRC de
Brome-Missisquoi, Saint-Armand (45.0221, -73.0582), 29.VII.2017, L. Leclerc,
under hardwood log (1, LLC). - MRC de Deux-Montagnes, Parc national d'Oka,
(Grande Baie, 45.4906, -74.0111), 9.X.2019, 14:00, P. de Tonnancour, climbing
tree trunk [Collected with permit] (1, PdTC). - MRC de Memphremagog, Potton
(45.0162, -72.4344), 15-29.VI1.2022, N. Bédard, pitfall trap in a mixed maple
forest, det.: NB (1, NBC); Stanstead-Est (45.1578,-72.0291), 28.1V.2018, S. Mail-
hot, caught in flight (1, LLC). - MRC du Val-Saint-Frangois, Racine (45.459475,
-72.161956), 15.V.2021, P. Bloin, under log of deciduous tree (1, PBC). - MRC
Les Appalaches, Adstock (46.0049, -71.1104), 5.X1.2022, P. Bloin, sifted from
moss in a balsam fir stand (1, PBC).

Internet data. CANADA: NOVA SCOTIA - Annapolis Co., Clementsvale
(44.635474, -65.566914), 19.X.2021, Alexis Orion, Recorded through INatu-
ralist (Obs.: 99352464); Lake La Rose (44.705801, -65.440164), 20.111.2022,
Ashlea Viola (@ashlea03), Recorded through INaturalist (Obs.: 109590192);
Round Hill (44.769997, -65.409845), 14.V1.2022, (@spaceexplorer), Recorded
through INaturalist (Obs.: 121718039). - Lunenberg Co., Chelsea (44.374644,
-64.727725), 13.IV.2022, Heather Haughn (@hhaughn), Recorded through
INaturalist (Obs.: 111330891); Chelsea (44.374808, -64.727878), 13.1X.2022,
Heather Haughn (@hhaughn), Recorded through INaturalist (Obs.: 134902909);
Chelsea (44.374642, -64.727708), 16.1X.2022, Heather Haughn (@hhaughn),
Recorded through INaturalist (Obs.: 135278623); Conquerall (44.311425,
-64.554755), 6.VI.2023, Jamie VanBuskirk (@jamievanburskirk), Record-
ed through INaturalist (Obs.: 171483228). - Kings Co., Kentville (45.076912,
-64.494473), 22.V.2022, (@kmelville), Recorded through INaturalist (Obs.:
118447209); Bishopsville (45.014267, -64.275407), X11.2022, (@cricket_toad-
ums), Recorded through INaturalist (Obs.: 144268319); Kentville (45.062484,
-64.56368), 13.V.2023, Dan Casey (@dan_casey), Recorded through INaturalist
(Obs.: 172019838); Casey Corner (45.01433, -64.566744), V1.2023, (@cricket
toadums), Recorded through INaturalist (Obs.: 169149071).

Distribution in Canada. ON, QC, NB, NS (Brunke 2016) - New to Quebec and
Nova Scotia.

Platydracus exulans (Erichson, 1839)

Note. See Brunke et al. (2011) for illustrations and identification. This native
species was reported from Quebec by Downie and Arnett (1996) without any
further information, but because this record was later presumed to be based on
a misidentified specimen (Brunke et al. 2011), it was not reported for Quebec
by Bousquet et al. (2013). In Ontario, it has been collected only twice (once with
two specimens) and, moreover, 44 years apart at the same locality near the
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Ottawa River in the Ottawa area. The Quebec specimen was also found along
the Ottawa River further east and it is not clear whether these are vagrant spec-
imens or if there is an apparently disjunct northern population of this species.
Specimen data. CANADA: QUEBEC - MRC de Vaudreuil-Soulanges, Rigaud
(45.4906,-74.2919), 3.VII.2020, N. Bédard, UV light trap (1, NBC).
Distribution in Canada. ON, QC (Bousquet et al. 2013) - New to Quebec.

Philonthus hepaticus Erichson, 1840
Fig. 8

Note. See Smetana (1995) for identification. Majka et al. (2009b) documented
a significant range extension for this Philonthus species, shedding light on ex-
isting distribution gaps within the eastern rove beetle fauna. While this species
displays a bipartite distribution pattern in Canada, Smetana (1995) indicated
that it is a transcontinental species, with its presence in Quebec highly expect-
ed. Philonthus hepaticus has an extremely broad range in the New World and
occurs south to Chile and Argentina. It has also become adventive in Australia
and New Zealand (Newton 2022). This species probably also occurs in at least
some parts of southern Ontario.

Specimen data. CANADA: QUEBEC - Ville de Québec, Cité-Universitaire
(46.7863, -71.2686), 30.V.2023, 18:00-21:00, L. Leclerc, white tulle fabric in-
terception trap (1, LLC); Plaines d’Abraham (46.7950, -71.2285) 2.1X.2023, L.
Leclerc, sifted from wood chips heap (4, LLC); Sainte-Foy (46.7874,-71.2914),
28.1X.2023, L. Leclerc, sifted from decaying grass heap (1, LLC); 30.1X.2023
(1, LLC); 5.X.2023 (1, LLC); 9.X.2023 (1, LLC); 11.X.2023 (1, LLC). - MRC des
Deux-Montagnes, Parc National d'Oka (45.4767, -74.0537), 10.X1.2020, R.
Vigneault, white tulle fabric interception trap in a compost site [Collected with
permit] (1, RVC); 25.X.2022 (2, RVC).

Distribution in Canada. BC, QC, NB (Bousquet et al. 2013) - New to Quebec.

Philonthus sanguinolentus (Gravenhorst, 1802)*

Note. See Smetana (1995) and Klimaszewski et al. (2013) for illustrations and
identification. This adventive Palearctic species was initially restricted in North
America to the Pacific coast (Smetana 1995), but was discovered in 2013 (col-
lected in 2011) for the first time in Ontario (Klimaszewski et al. 2013). In 2017,
a photo record of a specimen from Quebec, Canada was published on Bug-
Guide (see “Internet data” below). We hereby support this new Quebec record
with specimen data below.

Specimen data. CANADA: QUEBEC - Ville de Québec, Cap-Rouge (46.7519,
-71.3069), 17.VII.2022, P. Bloin, by sweeping vegetation along the railway track
(1, PBC); Sainte-Foy (46.7874, -71.2914), 23.VII.2023, L. Leclerc, sifted from a
decaying grass heap (1, LLC).

Internet data. CANADA: QUEBEC - MRC de la Haute-Yamaska, Granby,
17.VII1.2017, J. Brodeur, recorded through BugGuide (https://BugGuide.net/
node/view/1425701).

Distribution in Canada. ON, QC (Bousquet et al. 2013) - New to Quebec.
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Quedius cinctus (Paykull, 1790)*

Note. See Majka et al. (2009a) and Smetana (1971) for illustrations and iden-
tification. Known to be present in North America since at least 1942 (Smeta-
na 1971). This adventive species was recorded for the first time in Canada by
Majka et al. (2009a) from specimens collected on carrion in New Brunswick in
2007. Across its native western Palaearctic range, this species lives mainly in
decaying organic substances, very often near or directly in human settlements
(Smetana 1971). Brunke and Marshall (2011) reported it from Ontario based on
specimens collected from rotting Cerioporus (= Polyporus) squamosus in 2008.

Specimen data. CANADA: QUEBEC - Ville de Québec, Plaines d’Abraham
(46.795042, -71.228484), 6.1X.2022, P. Bloin, sifted from wood chips and plant
waste (2, PBC, 1, NBC); Sainte-Foy (46.7874, -71.2914), 24.X.2022, white tulle
fabric interception trap (4, LLC), 5.V.2023 (1, LLC), 9.X.2023, sifted from decay-
ing grass heap (1, LLC), 10.X.2023 (1, LLC), 14.X.2023 (1, LLC), 17.X.2023 (1,
LLC) ; Cité-Universitaire (46.7863, -71.2686), 15.X.2022, L. Leclerc, N. Bédard
& P Bloin, sifted from fresh wood chips pile (1, LLC), 23.X.2022 (2, LLC),
25.X.2022 (4, LLC; 4, NBC; 4, PBC), 4.X1.2022, white tulle fabric interception
trap (4, LLC). - MRC de Deux-Montagnes, Oka (45.4993, -74.0203), 3.1V.2020,
R. Vigneault, white tulle fabric interception trap in a compost site (1, RVC); Parc
national d'Oka (45.4767, -74.0537), 22.111.2021, R. Vigneault, white tulle fabric
interception trap in a compost site [Collected with permit] (1, RVC); 12.X.2022,
P. de Tonnancour and R. Vigneault, white tulle fabric interception trap [Collect-
ed with permit] (2, PdTC; 1, RVC). - MRC de Ille-d’Orléans, Saint-Pierre-de-I'le-
d’Orléans (46.8809, -71.0636), 5.X.2023, 16:00-18:00, L. Leclerc, white tulle
fabric interception trap (1, LLC). - MRC de Vaudreuil-Soulanges, Terrasse-Vau-
dreuil (45.3923, -73.9922), 26-1X-2011, P. de Tonnancour, fermented cantaloup
(1, PdTC); 27.1X.2018, P. de Tonnancour, attracted to a compost heap (1, PdTC);
7.X.2021, P. de Tonnancour, composted grass clippings (1, PdTC); 30.1X.2023,
15:00-17:00, P. de Tonnancour, white tulle fabric interception trap (1, PdTC). -
Ville de Gatineau, Aylmer [Ouest Forét Boucher], 15.IV.2010, V. Théberge & L.
LeSage, Berlese of porcupine dung in a hollow base of a large maple tree, in a
mixed forest (1, CNC); same except 6.IV.2010 (4, CNC).

Distribution in Canada. ON, QC, NB (Bousquet et al. 2013) - New to Quebec.

Hypnogyra gularis (LeConte, 1880)
Fig. 9

Note. See Smetana (1982) for identification. This species has been previously
reported from New Brunswick (Webster et al. 2012h) and Ontario (Bousquet
et al. 2013). Not much has been reported about its biology, though Smetana
(1982) suspected that it prefers microhabitats similar to those of the Central
European species, H. angularis (Ganglbauer, 1895), which is associated with
tree-holes and similar microhabitats, and often cohabitates with wood-nest-
ing ants. One of us (AJB) has repeatedly collected series of this species in
tree-holes (oaks, beech, sugar maple) in Ontario, confirming the hypothesis of
Smetana (1982).
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Specimen data. CANADA: QUEBEC - Ville de Québec, Sainte-Foy (46.7874,
-71.2914), 17.V.2021, L. Leclerc, white tulle fabric interception trap (1, LLC). -
MRC des Deux-Montagnes, Parc National d'Oka (45.4767, -74.0537), 5.V.2019,
R. Vigneault, white tulle fabric interception trap in a compost site [Collected
with permit] (1, LLC); 20.V.2019 (11, LLC); La Grande Baie (45.4927,-74.0056),
10.V.2022, 15:00-16:00, P. de Tonnancour, white tulle fabric interception trap
in a sugar maple stand [Collected with permit] (1, PdTC). - MRC du Haut-St-
Laurent, Havelock (45.026750, -73.800528), 3-18.V1.2023, N. Bédard, Canopy
cross-vane trap with fermentation bait (1, NBC); Same locality and collector but
18.VI-3.VI1.2023, interception trap in a maple and oak forest (1, NBC).

Distribution in Canada. ON, QC, NB (Bousquet et al. 2013) - New to Quebec.

Gauropterus fulgidus (Fabricius, 1787)*
Fig. 10

Note. See Smetana (1982) for identification. This very characteristic and large
xantholinine beetle was accidentally introduced to North America from Europe
in the 19™ century and is now found in both the western and eastern parts of
North America (Smetana 1982). We report here the first occurrences of this
species in the province of Quebec.

|

8

1 mm

9

Figures 8, 9. Habitus and aedeagus of 8 Philonthus hepaticus Erichson, 1840, aedeagus ventral view 9 Hypnogyra gularis

(LeConte, 1880), habitus only.
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Specimen data. CANADA: QUEBEC — MRC des Deux-Montagnes, Parc Na-
tional d'Oka (45.476714,-74.053690), 27.V.2023, R. Vigneault, white tulle fabric
interception trap in a compost site [Collected with permit] (1, NBC). — Ville de
Québec, Beauport (46.9421,-71.1987), 21.V.2021, N. Bédard, white tulle fabric
interception trap (1, NBC); Sainte-Foy (46.7921,-71.2806), 15.X.2022, L. Leclerc,
sifted from dried vegetal debris (2, LLC); Cité-Universitaire (46.7863, -71.2686),
26.X.2022, P. Bloin, sifted from wood chips (2, PBC).

Distribution in Canada. ON, QC (Bousquet et al. 2013) - New to Quebec.

Phacophallus pallidipennis (Motschulsky, 1858)*
Fig. 11

Note. See Smetana (1982) for identification. This Oriental species is adventive
in Europe, North America, Africa and the Australian region, and was initially iden-
tified in North America in 1904 along the western coast. Since then, it has been
observed in various locations across the continent. The first detection in the
eastern part of North America was in New York in 1931 (Smetana 1982). The
records given below represent its first detection in Canada and are the northern-
most known. It is generally a species that is more commonly found in warmer
and southern regions of North America (Smetana 1982). It was previously re-
ported as Phacophallus tricolor in most recent works (including Smetana 1982),
but was synonymized with Phacophallus pallidipennis by Bordoni (2002).
Specimen data. CANADA: QUEBEC - MRC de Marguerite-D'Youville, Va-
rennes, C. Chantal, 8.1X.2020 (1), 11.1X.2020 (2), 17.X.2020 (2), 23.X.2020 (4),
17.VII1.2021 (2), sifting dead grass (13, CCC). — Ville de Québec, Cité-Universi-
taire (46.7861, -71.2687), 23.X.2022, L. Leclerc, white tulle fabric interception
trap (2, LLC); same locality except 26.X.2022, N. Bédard, sifting decomposing
wood chips (1, NBC); same locality and method except 28.X.2022 (3, PBC).
Distribution in Canada. QC. - New to Quebec and Canada.

Xantholinus linearis (Olivier, 1795)*

Note. See Brunke and Majka (2010) for illustrations and identification. This in-
troduced species was recently detected in Quebec based on specimens cap-
tured by the authors. However, in the future, by inspecting older or uncurated
material in collections, older specimens may be found. This species has been
present in the maritime provinces of Canada and eastern North America since
at least 1949 (Brunke and Majka 2010) but was first detected in North America
in 1930 (British Columbia) (Smetana 1982).

Specimen data. CANADA: QUEBEC - MRC du Granit, Stratford (45.760829,
-71.345770), 18.VIIl.2023, N. Bédard, Handpicked in a parking lot (1, NBC). -
MRC La-Cote-de-Beaupré, Saint-Joachim (47.0669, -70.8014), 15.X.2022,
P. Bloin, flying on a warm fall day (1, PBC). - Ville de Lévis, Saint-Romuald
(46.7390, -71.2615), 29.1V.2023, L. Leclerc, sifted from Quercus and Acer leaf
litter (1, LLC).

Distribution in Canada. BC, AB, ON, QC, NB, NS, PE, NF (Bousquet et al. 2013)
- New to Quebec.
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Figures 10, 11. Habitus of 10 Gauropterus fulgidus (Fabricius, 1787) 11 Phacophallus pallidipennis (Motschulsky, 1858).

Subfamily Tachyporinae MacLeay, 1825

Sepedophilus basalis (Erichson, 1839)
Fig. 12

Note. See Campbell (1976) for identification. Sepedophilus basalis is listed as
occurring in Ontario by Bousquet et al. (2013) and Ontario and Quebec by New-
ton (2022). However, we have corresponded with these authors and could not
determine a published voucher-based source for the records. It is possible the
Quebec record came from the historical account by Provancher (1877: 243), al-
though misidentifications with other species were common before the modern
revision by Campbell (1976). The inclusion of this species in the Ontario fauna
likely came from unpublished data of specimens deposited in the CNC. We
here provide voucher data for Sepedophilus basalis, which occurs in Canada,
broadly from southern Ontario to southern Quebec.

Specimen data. CANADA: QUEBEC — MRC de Bécancour, Bécancour (Riviere
Godefroy) (46.2977,-72.5301), 25.V.2022, N. Bédard, sifted from debris near a
river (3, NBC). - MRC des Deux-Montagnes, Parc National d'Oka (45.472273,
-74.049343), 11.V.2023, R. Vigneault, white tulle fabric interception trap in a
compost site [Collected with permit] (1, NBC); same but 13.V.2023 (1, NBC).
ONTARIO - Chatham-Kent Reg., Rondeau Provincial Park,11-25.V.1985, L.
LeSage & A. Woodliffe, intercept trap 4, white pine stand (1, CNC); same except
2-13.VII.1985, intercept trap in maple beech forest (2, CNC); Rondeau Provincial
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Figure 12. Habitus of Sepedophilus basalis (Erichson, 1839) dorsal and lateral views, and aedeagus (ventral view).

Park, 25-28.V.1985, L. LeSage & A. Smetana, intercept trap in maple beech for-
est (1, CNC); same except 14.VI.-2.VI.1985 (1, CNC); Rondeau Provincial Park,
14.VI.-2.VI.1985, L. LeSage & D.M. Wood, intercept trap in maple beech forest
(1, CNC); Rondeau Provincial Park, [South Point Trail], 31.V.1985, A. Smetana (5,
CNC); Rondeau Provincial Park, [N end South Point Trail], 3.VI1.1985, A. Davies
& J.M. Campbell, under bark of fallen tree (5, CNC); Rondeau Provincial Park
[Spicebush Trail], 4.V1.1985, A. Davies & J.M. Campbell, sifting mushrooms and
litter (4, CNC); same except under bark of fallen tree (2, CNC); Rondeau Pro-
vincial Park, [Harrison Trail], 30.V.1985, A. Smetana (2, CNC); Rondeau Provin-
cial Park [South Point], 2.VI.1985, A. Davies & J.M. Campbell, moss on log in
pond (1, CNC); Rondeau Provincial Park [Tulip Tree Trail], 5.VI1.1985, A. Davies
& J.M. Campbell, sifting beech and maple litter near water (1, CNC); Elgin Co.,
J.F. Pearce Park, 5.VI.1981, L. LeSage (1, CNC). — Halton Reg., Milton, 21-30.
VIII.1981, M. Sanborne (1, CNC). - Leeds and Grenville Co., 2 km SE Spen-
cerville, 30.1V.1979, A.& Z. Smetana (1, CNC). — Ottawa Reg., 5 km NW South
March, 24.1V.1979, A.& Z. Smetana (1, CNC).

Distribution in Canada. ON, QC - New to Quebec, supporting data for Ontario.
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Discussion

Distribution data of 27 species of rove beetles (excluding Aleocharinae) are pro-
vided for the Province of Quebec, 25 of which are new records, increasing the
total number of staphylinid species in Quebec to 863 (Bédard, unpublished data-
base). Approximately one-third of the newly recorded species (10 out of 27) are
considered adventive in North America. Notably, these adventive species were
predominantly found in human-disturbed habitats, including compost heaps and
wood chip piles. These man-made habitats offer favorable conditions for intro-
duced species as they tend to be warmer and to have more stable temperatures
than the surrounding environments as a result of the heat generated by decom-
position. This phenomenon was observed in several beetle families in Europe,
where warm-loving species tended to thrive farther north in compost compared
to other microhabitats (@degaard and Temmeras 2000). Some of the species we
report here, including Gauropterus fulgidus, Phacophallus pallidipennis, Philon-
thus sanguinolentus and Hypomedon debilicornis appear to follow this principle.

Moreover, sifting these different substrates also revealed new records of spe-
cies from largely tropical genera, such as Echiaster Erichson, 1839 and Atanyg-
nathus Jakobson, 1909. These species could not be identified but are not among
the described North American species. They could not be treated in this paper be-
cause the genera are unrevised across most of their distribution. The occurrence
of these species in Canada may be attributed to the transport of “contaminated”
plant material (Klimaszewski and Brunke 2018). In the case of many species in
the present paper, large accumulations of wood chips could be considered refu-
gia for these species, allowing them to survive harsh winters and expand further
into synanthropic and natural environments (@degaard and Temmeras 2000).

The detection of the above rove beetle species in Quebec is likely due to a
very recent intensification of sampling effort in the province, combined with the
use of alternative collection methods. Hypnogyra gularis, Oxyporus ashei, and
Quedius cinctus were mainly collected using the white tulle fabric interception
trap, which seems to effectively capture small, cryptic species and those that
are highly local and frequently disperse to patchy or ephemeral microhabitats
(de Tonnancour et al. 2017). Notably, while Quebec was included in several
broad taxonomic works (e.g., Klimaszewski et al. 2018,2021) and has been the
site of several forestry studies (Paquin and Dupérré 2001; Klimaszewski et al.
2007), the province has never been the focus of recent faunistic or revisionary
research on rove beetles. The present paper has begun to narrow this knowl-
edge gap and with continued sampling and taxonomic effort, we hope to better
understand the true diversity of Staphylinidae in Quebec.
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Abstract

Annelid biodiversity studies in the Red Sea are limited and integrative taxonomy is needed
to accurately improve reference libraries in the region. As part of the bioblitz effort in Sau-
di Arabia to assess the invertebrate biodiversity in the northern Red Sea and Gulf of Aqa-
ba, Perinereis specimens from intertidal marine and lagoon-like rocky environments were
selected for an independent assessment, given the known taxonomic ambiguities in this
genus. This study used an integrative approach, combining molecular with morphological
and geographic data. Our results demonstrate that specimens found mainly in the Gulf
of Agaba are not only morphologically different from other five similar Perinereis Group
| species reported in the region, but phylogenetic analysis using available COl sequenc-
es from GenBank revealed different molecular operational taxonomic units, suggesting
an undescribed species, P kaustiana sp. nov. The new species is genetically close and
shares a similar paragnath pattern to the Indo-Pacific distributed P. helleri, in particular
in Area Il and Areas VII-VIIl. Therefore, we suggest it may belong to the same species
complex. However, P. kaustiana sp. nov. differs from the latter mainly in the shorter length
of the postero-dorsal tentacular cirri, median parapodia with much longer dorsal cirri, pos-
teriormost parapodia with much wider and greatly expanded dorsal ligules. Additionally,
two new records are reported for the Saudi Neom area belonging to P damietta and P. su-
ezensis, previously described only for the Egyptian coast (Suez Canal) and are distributed
sympatrically with the new species, but apparently not sympatric with each other.

Key words: Gulf of Agaba, mtCOI-5P, NEOM, north-eastern Red Sea, Polychaeta, Saudi
Arabia, taxonomy

Introduction

Based on genetic databases (i.e., BOLD and GenBank), and despite the recent
advances in integrative studies focused on polychaetes (i.e., Nygren et al.
2010; Villalobos-Guerrero et al. 2021; Teixeira et al. 2023), there are still many
taxonomic ambiguities and unidentified annelid species in some groups of
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Nereididae (i.e., Martin et al. 2021; Elgetany et al. 2022). Perinereis Kinberg, 1865
is one of the most diverse genera in this family, currently including between 97
(Wilson et al. 2023) to 106 (WoRMS Editorial Board 2024) valid species dis-
tributed worldwide. From these, approximately 16 species are reported for the
Arabian Peninsula (Ocean Biodiversity Information System, OBIS; Mohammad
1971; Wehe and Fiege 2002). Due to apparent similar paragnath patterns, over-
all body features and lack of detailed systematic studies, Perinereis species
are often problematic to identify to the species level (Bakken and Wilson 2005;
Yousefi et al. 2011). This has led to informal denomination of species com-
plexes and recognition of geographic morphs and varieties such as P, cultrifera
(Grube, 1840) species group (type locality: Naples, Italy; Scaps et al. 2000) and
the P nuntia (Lamarck, 1818) species (type locality: Gulf of Suez, Egypt) group
(Wilson and Glasby 1993; Glasby and Hsieh 2006; Sampértegui et al. 2013),
both reported for the Red Sea (OBIS). Thanks to molecular data, it is now easier
to screen for potential new species with apparent similar morphotypes. Recent
evidence comparing populations from different regions has shown that when
specimens differ genetically, further analysis of the diagnostic morphological
features often leads to the recognition of distinct features that were previously
overlooked (i.e., Sampértegui et al. 2013; Teixeira et al. 2022b). A recent review
on meiofauna (Cerca et al. 2018) and recent polychaete studies (i.e., Abe et
al. 2019; Tilic et al. 2019; Martin et al. 2020), including from Nereididae (Glas-
by et al. 2013; Sampieri et al. 2021; Teixeira et al. 20223, b) also demonstrate
that cryptic and pseudo-cryptic species often have geographically restricted
distributions, with the range of cryptic species being smaller than the parent
morphospecies.

The Egyptian side of the Red Sea has been the focus of an increasing
amount of polychaete studies either reviewing existing species groups (i.e.,
Villalobos-Guerrero 2019) or describing new species that were previously con-
sidered cryptic (i.e., Elgetany et al. 2022). The northern Saudi Arabian Red Sea
and Gulf of Aqaba, despite being expected to host a large biodiversity (Rob-
erts et al. 2002; DiBattista et al. 2016), has seen comparatively few biodiver-
sity studies involving molecular techniques, particularly for polychaetes. To
address this gap, and document the invertebrate biodiversity of the region, a
bioblitz was conducted in the Neom region (northern Saudi Arabian Red Sea
and Gulf of Agaba) to document the local biodiversity, with emphasis on mo-
bile invertebrates and cryptobenthic fish. As part of this effort, this study used
a molecular approach, combined with morphological and geographic data, to
investigate Perinereis samples collected from marine intertidal and lagoon-like
rocky environments of the northern Red Sea. In particular, we aimed to assess
species distributions and to investigate whether specimens collected belonged
to existing P. cultrifera group, P. nuntia group, to other similar Perinereis species
reported for the region, or if new species were undescribed.

Material and methods
Sampling effort

The NEOM bioblitz sampling campaign surveyed 38 shallow and coral reef
sites up to 25 meters depth and some intertidal habitats, along the northern
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region of the Saudi Arabian Red Sea and Gulf of Agaba (Neom area). This ini-
tiative aims to initiate a biodiversity inventory of marine benthic invertebrates
(mainly mobile) and cryptobenthic fish in the Red Sea using DNA barcoding
and metabarcoding. Only intertidal marine and lagoon-like rocky environments
were considered for the purpose of this study, in order to perform an indepen-
dent assessment within Perinereis, given the known taxonomic ambiguities in
several species within the genus from this particular habitat.

A total of 36 Perinereis specimens (atokous) were hand-collected on rocky
shores, in coarse-grained sediments under cobbles and rocks. Specimens were
found in Magna (centre of Gulf of Aqaba; 28°26'57.3"N, 34°45'35.4"E), Shushah
Island (27°56'13.7"N, 34°54'36.1"E) and lagoon-like environments at Almo-
jawah Bay (South of Gulf of Agaba; 28°10'18.1"N, 34°38'57.6"E) and Duba (Al
Muwaileh; 27°37'04.4"N, 35°31'26.7"E), in May 2023. Two specimens collected
in the northern region of Portugal (Canto Marinho, 41°44'13.2"N, 8°52'33.6"W)
belonging to Perinereis oliveirae (Horst, 1889), were previously collected by the
first author of this work, and due to misidentifications with the P. cultrifera mor-
photype in genetic databases, were used in this study for comparison purposes.

Table 1 details the number of original specimens collected for each sam-
pling location, which correspond to the same number of COIl sequences anal-
ysed. The number of COI sequences from Perinereis species publicly available
in GenBank, respective sampling area and references are also detailed in Table
1 and were used for comparison purposes. The collected Red Sea Perinereis
specimens were deposited at NTNU University Museum, Trondheim, Norway
(NTNU-VM, Bakken et al. 2024; vouchers: NTNU-VM-86010-NTNU-VM-86044).
Perinereis oliveirae specimens are deposited at Biological Research Collection
of the Department of Biology of the University of Aveiro (CoBIl at DBUA; cu-
rated by Ascensdo Ravara: aravara@ua.pt; vouchers: DBUA0002494.02.v01
and DBUA0002494.02.v02), Portugal. Specimens that were exhausted in the
DNA analysis were assigned only with the Process ID from the BOLD systems
(http://v4.boldsystems.org/), corresponding to MTPNOQ0Q9-23 (Gulf of Aqaba,
Magna). Some specimens were preserved in 96% ethanol and others in for-
malin with a respective sample tissue preserved in ethanol for molecular work
(detailed in Suppl. material 1).

DNA extraction, PCR amplification, and alignments

DNA sequences of the 5" end of the mitochondrial cytochrome oxidase subunit
| (mtCOI-5P) were obtained for all the collected Perinereis specimens and used
for the main analysis. A representative number of specimens per location for
the new species were also sequenced using the mitochondrial 16S rRNA and
D2 region of nuclear 28S rRNA, for future reference purposes.

DNA extraction was performed using QuickExtract DNA Extraction Solution
(Lucigen) with 50 pl of the reagent per Eppendorf. The tubes were then trans-
ferred to a heat block at 65 °C for 30 min and then an additional 2 min at 98 °C.
Depending on the specimen size, only a small amount of tissue (i.e., a single
parapodium) or the posterior end of the worm was used.

PCR reactions were performed using a premade PCR mix from VWR contain-
ing 10 pl per tube of Red Tag DNA polymerase Master Kit (2 mM, 1.1x), 0.5 pl of
each primer (10 mM) and 1 pl of DNA template in a total 12 pl volume reaction.
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Table 1. Species, number of sequences (n), geographic location, and their respective GenBank COIl accession numbers
for the original material and sequence data used from other studies.

Species

Perinereis kaustiana
Sp. nov.

Perinereis suezensis

Perinereis damietta

Perinereis fayedensis
Perinereis oliveirae
“Perinereis cultrifera”
Perinereis helleri

“Perinereis nuntia”

Perinereis marionii

Perinereis vallata

Perinereis euiini

Perinereis anderssoni

Alitta virens

GenBank COI
PP279005, PP279009,
PP279010, PP279017-
PP279020, PP279029,

PP279035
PP279008, PP279025
PP279004
PP279006, PP279007,
PP279015, PP279016,
PP279021, PP279023,
PP279024, PP279026—

PP279028, PP279036,
PP279038, PP279039

0P612968-0P612972
PP279034

PP279014, PP279037

PP279002, PP279011—
PP279013, PP279030—-
PP279033
0P610122-0P610126
0P605759-0P605763
PP279003, PP279022
KR916909-KR916912
JX420256

MH337359

JX420257

0P347380

OP347386
HQ705192-HQ705196

KY249122-KY249124
MN256544-MN256546
MH143495, MH143498,
MH143502, MH143503,

MH143522

0P038747,0P038760,
0P038799, 0P038806, OP038851

Location

Saudi Arabia, Gulf of Agaba
(Magna)

Region
Red Sea

Saudi Arabia, Shushah Island

Saudi Arabia, Duba (Al
Muwaileh)

Saudi Arabia, Shushah Island

Egypt, Gulf of Suez

Saudi Arabia, Gulf of Agaba
(Magna)

Saudi Arabia, Duba (Al
Muwaileh)

Saudi Arabia, Gulf of Agaba
(Almojawah Bay)
Egypt, Gulf of Suez
Egypt, Gulf of Suez
NE Atlantic Portugal, Canto Marinho
Portugal, Areosa Beach

Malaca Strait Malaysia, Port Dickson

Andaman India, Adaman and Nicobar
Sea Islands
Java Sea Indonesia, Pari Island
NE Atlantic Great Britain, Plymouth

Portugal, Canto Marinho

South Pacific Chile, Concepcion

Ocean
Yellow Sea South Korea, Gusan-myeon
South China China, Xiamen
Sea
NW Atlantic Brasil, Espirito Santo
North Sea Sweden, Tjarno-Salto canal

n Reference
9 This study
2

1

13

5 | Elgetany et al. (2022)

1 This study

2

8

5 | Elgetany et al. (2022)
5

2 This study

5 Lobo et al. (2016)

1 | Glasbyetal. (2013)
1 | Sivaraj and Thivikaran,

unpublished
1 Glasby et al. (2013)
1 | Teixeira et al. (2022b)
1

5 Sampértegui et al.

(2013)
3 | Park and Kim (2017)

3 Xing and Zhang,
unpublished

5 Paiva et al. (2019)

5 | Teixeira et al. (2022a)

Table 2 displays the PCR conditions, primers and sequence lengths for the dif-
ferent markers. Amplification success was screened in a 1% agarose gel, using
1 pl of PCR product. Successful PCR products were then purified using the Ex-
onuclease | and Shrimp Alkaline Phosphatase (ExoSAP-IT, Applied biosystems)
protocol, according to manufacturer instructions. Cleaned up amplicons were
sent to KAUST Sanger sequencing service for forward sequencing.

The obtained trace files were edited and aligned in MEGA software v. 11.0.10
(https://www.megasoftware.net/; Tamura et al. 2021). COl sequences were
blasted in GenBank to access possible existing matches (NCBI; https://blast.
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Table 2. Primers and PCR conditions used in this study.

Marker
col

16S

28S

Primer
PolyLCO
PolyHCO

T6SAR-L
T6SANN-F
16SBR-H
28sC2
28s-D2

Fragment

658bp

¢.365bp

¢.500bp

Direction (5'-3’) PCR thermal cycling conditions Reference

(F) GAYTATWTTCAACAAATCATAAAGATATTGG 1) 94 °C (1 min); 2) 5 cycles: 94 °C Carr et al.
(40's), 45 °C (40 s), 72 °C (1 min); (2011)
3) 35 cycles: 94 °C (40 s), 51 °C (40
s), 72 °C (1 min); 4) 72 °C (5 min).

(R) TAMACTTCWGGGTGACCAAA RAATCA

(F) CGCCTGTTTATCAAAAACAT 1) 94.°C (3 min); 2) 40 cycles: Kessing et al.
94°C(30's),52°C (30's), 72 °C (1 (2004)

(F) GCGGTATCCTGACCGTRCWAAGGTA min); 3) 72 °C (7 min).

(R) CCGGTCTGAACTCAGATCACGT

(F) ACTCTCTCTTCAAAGTTCTTTTC 1) 96 °C (4 min); 2) 45 cycles: Hassouna et al.
94°C (30's),55°C (30's), 72 °C (1984)
(1 min); 3) 72 °C (8 min).

(R) TCCGTGTTTCAAGACGG
ncbi.nlm.nih.gov/Blast.cgi). GenBank sequences batch for the original mate-
rial are COIl, PP279002-PP279039; 16S, PP264567-PP264572, PP264574,
PP264575;28SD2, PP264613, PP264614, PP264616. The dataset used for mo-
lecular analysis and its metadata can be accessed at the BOLD Systems under
the project “Perinereis Saudi NEOM (DS-MTPNO)”, publicly available with the
DOI: https://doi.org/10.5883/DS-MTPNO. The alignments (fasta and nexus for-
mat) for each individual marker and Suppl. material 1 are also publicly available
online at Figshare: https://www.doi.org/10.6084/m9.figshare.25097756.

Phylogenetic analysis and MOTU clustering

For comparison purposes, GenBank COI sequence data from P. marionii (Aud-
ouin & Milne Edwards, 1833); P. vallata (Grube, 1857); P helleri (Grube, 1878);
P cultrifera; P. euiini Park & Kim, 2017; P. anderssoni Kinberg, 1865; P. nuntia
(Lamarck, 1818); P. fayedensis Elgetany, Struck & Glasby, 2022; P suezensis
Elgetany, Struck & Glasby, 2022; P damietta Elgetany, Struck & Glasby, 2022;
and the outgroup Alitta virens (M. Sars, 1835) completed the final dataset (Ta-
ble 1, Suppl. material 1). The phylogenetic analysis was performed through
maximum likelihood (ML) for the entire dataset. Best-fit models were selected
using the Akaike Information Criterion in MEGA. The phylogenetic relationship
analysis was executed with 500 bootstrap runs using the General Time-Revers-
ible model with gamma distributed rates and a portion of the sites invariable
(GTR+G+l). The final version of the tree was edited with the software Inkscape
v. 1.2 (https://www.inkscape.org).

Three delimitation methods were applied to obtain Molecular Operational
Taxonomic Units (MOTUs): The Barcode Index Number (BIN), which makes use
of the Refined Single Linkage (RESL) algorithm available only in BOLD (Rat-
nasingham and Hebert 2013); the Assemble Species by Automatic Partitioning
(ASAP, Puillandre et al. 2021), implemented in a web interface (https://bioin-
fo.mnhn.fr/abi/public/asap/asapweb.html) with default settings using the
Kimura-2-Parameter (K2P) distance matrix; lastly, the Poisson Tree Process-
es (bPTP; Zhang et al. 2013) performed in a dedicated web interface (https://
species.h-its.org/), using the ML phylogeny obtained above, for 500000 MCMC
generations and twenty-five percent of the samples discarded as burn-in.

The mean genetic distances for mtCOI (K2P; Kimura 1980) within and be-
tween MOTUs were calculated in MEGA.
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Morphological analysis

Specimens were studied using a Leica stereo microscope (model M205 C).
Stereo microscope images were taken with a Flexacam C3 camera. Compound
microscope images of parapodia and chaetae were obtained with a Leica
DM2000 LED imaging light microscope, equipped with a Flexacam C3 camera,
after mounting the parapodia on a slide preparation using Aqueous Permanent
Mounting Medium (Supermount). Parapodial and chaetal terminology in the
taxonomic section follows Bakken and Wilson (2005) with the modifications
made by Villalobos-Guerrero and Bakken (2018). The final figure plates were
edited with the software Inkscape v. 1.2.

For measuring length of dorsal ligules, not only the lengths of the tips
were considered, but the proximal part of the ligules was also included (e.g.,
Conde-Vela and Salazar-Vallejo 2015; Villalobos-Guerrero and Carrera-Parra
2015; Teixeira et al. 2022b). Like Hutchings et al. (1991), a specimen is de-
scribed as having a greatly expanded dorsal notopodial ligule posteriorly only if
the dorsal ligule is more than two times as long as the ventral ligule. For anal-
ysis of variation, only complete specimens were considered; total length (TL),
length up to chaetiger 15 (L15), width at chaetiger 15 (W15) were measured
with a millimetre rule under the stereomicroscope. Number of chaetigers (NC)
were also taken into consideration. TL was measured from anterior margin of
prostomium to the end of the pygidium, and W15 were measured excluding
parapodia. Measurements of the length of the antennae (AL), palps (PL), dorsal
cirri (DCL), dorsal ligule (DLL), ventral cirri (VCL), ventral ligule (VLL), median li-
gule, the length and width of the head (HL and HW, respectively), and the length
of all four tentacular cirri, including the longest one (postero-dorsal cirri, DPCL),
were also retrieved. Heterogomph falciger blade size comparison (short, long,
and extra-long) based on Wilson et al (2023). Spiniger serration based on the
comparison between P. cultrifera (lightly serrated) and P, rullieri (coarsely ser-
rated) from Pilato (1974).

Paragnath counts were performed to compare patterns with other morpho-
logically similar Group | Perinereis species (Hutchings et al. 1991). Pharynx
paragnath terminology follows Bakken et al. (2009) and paragnath description
of areas VIl and VIII follow Conde-Vela (2018).

Terminology for molecular vouchers follows Pleijel et al. (2008) and Astrin et al.
(2013). Overall description follows a similar structure to those of Villalobos-Guer-
rero (2019). Dates of sample collection follow the DD/MM/YY format.

Results
Phylogenetic analyses

The phylogenetic reconstruction recovered ten MOTUs of Perinereis (Fig. 1A),
the delimitation of which are cohesively supported by the three species-delim-
itation tests applied, except for MOTU 1 and GBT1, which are clustered together
with the ASAP method. Sequences from P. fayedensis and P. anderssoni are not
present in BOLD and have no associated BIN.

In this phylogenetic tree, P suezensis (MOTU 1) and P. fayedensis (MOTU
GB1) are sister to each other, and their lineage splits early compared to the
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other analysed species of Perinereis. The basal node support for the six molec-
ular groups (2, 4, GB2, and GB4-GB6) is very low. The 36 Red Sea specimens
sequenced in the present study clustered into three clades that correspond to
P. suezensis (MOTU 1, Fig. 1D) and P. damietta (MOTU 2, Fig. 1C), as well as a
molecular cluster exclusively harbouring sequences of specimens belonging
to P, kaustiana sp. nov. (MOTU 3, Fig. 1E). The new species is sister to a group
(MOTU GB3) including sequences attributed to Perinereis helleri from Malay-
sia (JX420256 from Glasby et al. (2013)), as well as two sequences probably
misidentified as Perinereis nuntia from India and Indonesia (MH337359 from
Sivaraj and Thivikaran (unpublished) and JX420257 from Glasby et al. 2013).
This relationship was supported with 83% bootstrap replications. The genetic
divergence between P kaustiana sp. nov. and GB3 sequences group (19.9%,
COI K2P) was higher than between the closely related but recently established
as distinct species, P. suezensis and P. fayedensis (~ 6%, COl K2P). MOTU 4
grouped our sequences of P, oliveirae with P. cultrifera sequences from Lobo et
al. (2016). Table 3 shows all the COI distances between and within the analysed
taxa from Fig. 1.

Taxonomic account

Family Nereididae Blainville, 1818
Genus Perinereis Kinberg, 1865

Perinereis kaustiana sp. nov.
https://zoobank.org/378AABC8-4C46-43FF-9AQF-5F6703B4A801
Figs 1A, B, E; 2A-J; 3A-I

Nereis Perinereis helleri Grube, 1878: 81-82; Horst 1924: 172-173, pl 34, figs 3, 4.

Perinereis helleri Monro, 1931: 14-15, fig. 8a—c.; Russell 1962: 7; Rozbaczylo
and Castilla 1973: 220-221; Hartmann Schroder 1979: 116.

Perinereis cultrifera var. helleri Fauvel 1932: 105-106.

Perinereis carniguina Grube, 1878: 87, pl 4, fig. 8.

Material examined. Holotype and hologenophore: NTNU-VM-86011, Saudi Ara-
bia (Red Sea), Gulf of Aqaba, Magna, 28°26'57.3"N, 34°45'35.4"E, intertidal, rocky
beach among coarse-grained sand under rocks, collected by Marcos A. L. Teix-
eira and Chloé Julie Lois Fourreau, 11/05/2023, GenBank (mtCOl): PP279020.

Paratypes and paragenophores: 7 specimens, NTNU-VM-86010, NT-
NU-VM-86012-NTNU-VM-86017, Saudi Arabia (Red Sea), Gulf of Aqaba, Mag-
na, 28°26'57.3"N, 34°45'35.4"E, intertidal, rocky beach under rocks among
coarse-grained sand, collected by Marcos A. L. Teixeira and Chloé Julie Lois
Fourreau, 11/05/2023, GenBank (mtCOl): PP279009-PP279010, PP279017-
PP279019, PP279029, and PP279035.

Non-types. 2 specimens, NTNU-VM-86019, NTNU-VM-86020, Saudi Arabia
(Red Sea), Shushah Island, 27°56'13.7"N, 34°54'36.1"E, intertidal, rocky beach
under rocks among coarse-grained sand, collected by Marcos A. L. Teixeira,
05/05/2023. 1 specimen, NTNU-VM-86018, Saudi Arabia (Red Sea), Duba, Al
Muwaileh, 27°37'04.4"N, 35°31'26.7"E, lagoon environment, intertidal, under
rocks among coarse-grained sand, collected by Marcos A. L. Teixeira and Chloé
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Figure 1. Phylogenetic tree and MOTU distribution for the three sampled Red Sea Perinereis species A maximum like-
lihood phylogeny based on COI sequences, with information regarding the different MOTU delineation methods. Num-
bered MOTUs (1-4) contain original sequences from Perinereis specimens analysed in this study; MOTUs “GB” are
based on Perinereis sequences mined from GenBank; MOTU “OUTG” correspond to the rooted outgroup, Alitta virens.
Bootstrap values lower than 80% not displayed B Red Sea MOTU distribution; each coloured pie corresponds to a unique
species and respective abundance proportion; larger pie charts indicate higher number of sympatric species. Species
from the Suez Canal based on mined GenBank sequences from Elgetany et al. (2022); abundance proportion based on
type material C Perinereis damietta, focus on prostomium and pharynx, dorsal view, specimen NTNU-VM-86031 D Peri-
nereis suezensis, focus on prostomium and pharynx, dorsal view, specimen NTNU-VM-86032 E Perinereis kaustiana sp.
nov., focus on prostomium and pharynx, dorsal view, specimen NTNU-VM-86011. Scale bars: 500 pm (C-E).
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Julie Lois Fourreau, 18/05/2023. 1 specimen, MTPNO009-23, Saudi Arabia
(Red Sea), Gulf of Agaba, Magna, 28°26'57.3"N, 34°45'35.4"E, intertidal, rocky
beach under rocks among coarse-grained sand, collected by Marcos A. L. Teix-
eira and Chloé Julie Lois Fourreau, 11/05/2023.

Diagnosis. Four pairs of tentacular cirri, postero-dorsal one reaching chaeti-
ger 7-9; ratio of DPCL / HL = 3.6x. Eversible pharynx with one pair of dark brown
curved jaws with seven or eight denticles; two longitudinal canals emerging
from the pulp cavity, both in the mid-section of the jaw. Pharynx consisting of
maxillary and oral rings with conical shaped paragnaths. Maxillary ring: Area | =
2 small paragnaths arranged in a longitudinal line. Area Il = Cluster of 5-7 small
paragnaths. Area lll = central patch of nine small paragnaths, lateral patches
with two small paragnaths each. Area IV = 13 small paragnaths arranged in
wedge shape without any bars. Oral ring: Area V = a triangle of three large
paragnaths. Area VI (a+b) = two narrow bar-shaped paragnaths, one on each
side, displayed as a straight line. Areas VII-VIIl = 20-24 small paragnaths in
total; Area VII, ridge region with two transverse paragnaths, furrow regions with
two longitudinal paragnaths each; Area VIII, ridge regions with one paragnath
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Table 3. Mean intra (in bold) and inter-MOTU COI genetic distances (K2P; %), for the eleven analysed species/MOTUs in Fig. 1.

P, kaustiana sp. nov. (M. 3)
P. helleri (M. GB3)

P. suezensis (M. 1)

P. damietta (M. 2)

P. fayedensis (M. GB1)
P, euiini (M. GB6)

P. oliveirae (M. 4)

P. anderssoni (M. GB5)
P vallata (M. GB2)

P. marionii (M. GB4)

A. virens (OUTG)

1
1.0£0.2
19.9+24
258+32
238432
253+32
246+32
258+32
26.7+34
23.1+3.0
259433
29.3+39

2 3 4 5 6 7 8 9 10 1

0.5+0.2

267+32 1.1%0.2

255+32 259+3.1 0.8%0.2

258+32 58+10 250+3.0 0.0%0.0

255+32 27.0+34 253+32 272+34 0.6%0.2

257432254432 273+34 248+31 263+33| 0.6%0.2

246+33 249+31 264+33 237+3.0 223+28 26.6+34 0.2+0.1

22.0+28 232+3.0 220+28 226429 241+3.1 23629 243+32 0.1%0.1

228+3.0 252+32 273+34 238+3.0 240+32 23.6+30 23.1+30 21.1+27 0.3%0.2

281+35 275434 296+36 275433 285+35|276+34 276435 263+3.1 265+32 0.2+0.1

each, furrow regions with two longitudinal paragnaths each. Dorsal cirrus lon-
ger than ventral cirrus throughout the body; much longer in median chaetigers,
ratio DCL / VCL = 2.8—3x. Ventral cirri of median chaetigers shorter than ventral
ligule, ratio of VCL / VLL = 0.7x. Dorsal ligule oval, ending tip gradually becomes
thinner throughout the body; finger-like tip in median and posterior parapodia.
Dorsal ligules of median chaetigers subequal to dorsal cirri, tips shorter than
dorsal cirri. Posteriormost dorsal ligules greatly expanded (3x the length of the
ventral ligule) and visibly much wider (2.5-3x the width of median ligule) than
anterior and median ones (2x the width of median ligule). Pygidial cirri as long
as last 12-14 chaetigers.

Molecular Data. MtCOI-5P, 16S, and 28S sequences as in specimens NT-
NU-VM-86010-NTNU-VM-86020 and MTPNOQ009-23 (Table 1; Suppl. ma-
terial 1). GenBank accession numbers: PP279004, PP279005, PP279008-
PP279010, PP279017-PP279020, PP279025, PP279029, PP279035
(mtCOI- 5P); PP264567-PP264572, PP264574, PP264575 (16S); PP264613,
PP264614, PP264616 (28S-D2). Perinereis kaustiana sp. nov. clearly differs
from the remaining species of the COI phylogeny, grouping in MOTU 3 (Fig. 1A).
No GenBank BLAST match to date. Sister species with P. helleri. Intraspecific
mtCOI-5P mean distances below 1%. Interspecific mtCOI-5P mean distances
to the closest and distant neighbour are 19.9% (K2P, P. helleri) and 26.7% (K2P,
P. anderssoni) respectively. DOI for the species’ Barcode Index Number (BIN):
https://doi.org/10.5883/BOLD:AFJ4260.

Distribution and habitat. Confined to the northeastern Red Sea (Duba,
Shushah Island) and Gulf of Aqaba (Magna) so far. Type locality: Saudi Arabia,
Gulf of Agaba: Magna region (marine site), 28°26'57.3"N, 34°45'35.4"E. Speci-
mens collected both in lagoon-like environments and fully marine sites in rocky
areas, usually among coarse-grained sand under rocks. Apparently more abun-
dant and easier to find in marine sites from the Gulf of Agaba. Can be found in
sympatry with P damietta (Fig. 1B, C) and P. suezensis (Fig. 1B, D). The latter
two species as described by Elgetany et al. (2022).

Etymology. The species designation pays tribute to the King Abdullah Univer-
sity of Science and Technology (KAUST) in Saudi Arabia, a globally recognized
graduate-level research institution. This naming honours KAUST’s substantial
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and enduring contributions to marine science, particularly in advancing our un-
derstanding of the Red Sea over the course of more than a decade. Through
its dedicated research efforts, KAUST has significantly enriched the scientific
community’s knowledge of this unique marine environment.

Description. Specimens used: NTNU-VM-86011 (holotype) and NT-
NU-VM-86015 (paratype), both preserved in ethanol 96%, stored at NTNU Uni-
versity Museum (Norway, NTNU-VM).

Body/measurements: Body with a prominent dorsal blood vessel (Fig. 2l);
stout anteriorly, posteriorly gradually tapering toward pygidium. Colour in pre-
served specimens is yellowish-brown. Holotype, NTNU-VM-86011, large spec-
imen, complete, TL = 55 mm, L15 = 7 mm, W15 = 2.12 mm, with 115 chaeti-
gers. Paratype, NTNU-VM-86015, small specimen, complete, TL =24 mm, L15 =
5 mm, W15 = 1.06 mm, with 85 chaetigers.

Head (Fig. 2A, B, E, J): Prostomium pyriform, 1.2x wider than long; 2.5x lon-
ger than antennae. Palps with a round or conical palpostyle (Fig. 2A); palpo-
phore longer than wide, subequal to the entire length of prostomium. Antennae
separated, gap half of antennal diameter (Fig. 2E); tapered, less than half the
length of the palpophore. Eyes black, anterior and posterior pairs well separat-
ed (Fig. 2J). Anterior pair of eyes oval shaped, as wide as antennal diameter;
posterior pair of eyes round or oval shaped, subequal width to anterior pair.
Distance between the anterior eyes 1.25x longer than posterior ones. Nuchal
organs covered by the tentacular belt.

Tentacular cirri: Tentacular cirri longer than mid body width. Tentacular cirri
pattern: postero-dorsal cirri twice longer than antero-dorsal ones; postero-dor-
sal reaching chaetiger 7-9 (Fig. 2I). Antero-dorsal cirri reaching chaetigers 3
and 4; 1.7x longer than palpophore. Antero-ventral cirri 1.4x shorter than pos-
tero-ventral ones; antero-ventral shorter than palpophore. Dorsal cirrophores
wrinkled, cylindrical.

Pharynx: Pair of dark brown curved jaws with 7-8 denticles; two longitudi-
nal canals emerging from the pulp cavity, both in the mid-section of the jaw
(Fig. 2C). Pharynx consisting of maxillary and oral rings with conical shaped
paragnaths (Fig. 2A, B). Maxillary ring: Area | = two small paragnaths ar-
ranged in a longitudinal line (Fig. 2F). Area Il = Cluster of 5-7 small paragnaths
(Fig. 2F). Area lll = central patch of nine small paragnaths, lateral patches with
two small paragnaths each (Fig. 2D). Area IV = 13 small paragnaths arranged in
wedge shape without any bars (Fig. 2D). Oral ring: Area V = a triangle of three
large paragnaths (Fig. 2E). Area VI (a+b) = two narrow bar-shaped paragnaths,
one on each side, displayed as a straight line (Fig. 2E). Areas VII-VIIl = 20-24
small paragnaths in total; Area VII, ridge region with two transverse paragnaths,
furrow regions with two longitudinal paragnaths each (Fig. 2G); Area VIII, ridge
regions with one paragnath each, furrow regions with two longitudinal parag-
naths each (Fig. 2G).

Notopodia: Dorsal cirri slender, tapering, subequal to dorsal ligule in ante-
rior (Fig. 3A) and median (Fig. 3B) parapodia, 1.8x shorter in posterior ones
(Fig. 3C); cirri longer than proximal part of dorsal ligule in anterior and median
parapodia, 1.4x shorter in posterior ones. Dorsal cirri longer than ventral one
throughout the body, much longer in median chaetigers; 1.7x longer in anterior
and posterior parapodia, 2.4x in median ones. Dorsal ligules oval, ending tip
gradually becomes thinner throughout the body; finger-like tip in median and
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500 pm

Figure 2. Perinereis kaustiana sp. nov. All pictures are from the holotype (NTNU-VM-86011) if not stated otherwise
A anterior end, prostomium, dorsal view B anterior end, prostomium, ventral view C jaws and respective jaw canals (JC),
dorsal view D pharynx, maxillary ring (Areas lll and 1V), ventral view; black arrows, lateral patches with two paragnaths
each E pharynx, oral ring (Areas VI), dorsal view F pharynx, maxillary ring (Areas | and Il), dorsal view G pharynx, oral ring
(Areas VII=VIII), ventral view; black arrows, furrow regions; white arrows, ridge regions H posterior end; white arrows, py-
gidial cirri, paratype (NTNU-VM-86015) | anterior body, tentacular cirri reaching chaetiger 9, paratype (NTNU-VM-86015)
J worm’s eyes, right side, paratype (NTNU-VM-86015). Abbreviations: chaet., chaetiger; Pyg., Pygidium. Scale bars:
500 pm (A, B, I); 250 pm (E, F, H); 100 um (D, G); 125 pm (J); 75 pum (C).
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posterior parapodia (Fig. 3A—C). Dorsal ligules 1.4x longer and twice as wider
as median ligules in anterior parapodia (Fig. 3A), 1.6x longer and twice wider
in median ones (Fig. 3B), twice longer and 2.5-3.0x wider than median ligules
in posterior parapodia (Fig. 3C). Posteriormost dorsal ligules greatly expanded;
3x the length of the ventral ligule; visibly much wider (2.5-3x) than median li-
gule (Fig. 3C, I). Distal part of dorsal ligules slightly longer than proximal one in
anterior and median parapodia, 1.5x shorter in posterior ones.

Neuropodia: Ventral cirri slender with tapering tip, 1.35x shorter throughout
the body (Fig. 3A-C). Neuroacicular ligules subequal to ventral ligule in anterior
parapodia, 1.3-1.4x longer in median and posterior ones. Ventral ligules oval
in anterior parapodia, gradually becomes thinner throughout the body with a
tapering tip; ventral ligules 1.4x shorter than dorsal ligules in anterior parapodia
(Fig. 3A), twice shorter in median ones (Fig. 3B), 2.5-3x shorter in posterior
parapodia (Fig. 3C).

Chaetae: Notochaetae with homogomph spinigers; spinigers with lightly
serrated blade, evenly spaced (Fig. 3D), numerous and present throughout the
whole body. Neurochaetal supra-acicular fascicle with homogomph spinigers
(Fig. 3F) and heterogomph falcigers (Fig. 3H) present throughout the whole
body; spinigers with coarsely serrated blade, present in the dorsal most posi-
tion; falcigers with slender serrated long blade (Fig. 3H). Neurochaetal subacic-
ular fascicle with heterogomph spinigers (Fig. 3G) and heterogomph falcigers
(Fig. 3E) both present throughout the whole body; spinigers with lightly serrated
blades (Fig. 3G); falcigers similar to supra-acicular ones (Fig. 3H), present in
the ventral most position.

Pygidium: With a pair of long cylindrical slender anal cirri, as long as last
12-14 chaetigers (Fig. 2H).

Remarks. Some nereidid species groups can have similar morphological
features, including paragnath patterns, that may cause misidentifications. The
new species COIl clade revealed no GenBank match based on the BLAST tool.
Perinereis kaustiana sp. nov. and a sequence belonging to a specimen from
Malaysia identified as P. helleri (type locality: Bohol, Philippines) not only are
sister to each other and phylogenetically close (Fig. 1A; 19.9 + 2.4% K2P COI
distance), but they also seem to share the same paragnath sizes, shapes and
patterns (Park and Kim 2017: 255, fig. 4e; sampled in South Korea; no molec-
ular data available), including in Area llI, with the presence of lateral patches
with two paragnaths each (Fig. 2D) and the same paragnath arrangements in
the furrow and ridge regions of Areas VII-VIII (Fig. 2G). This makes them mor-
phologically very similar and possibly belonging to the same cryptic complex,
which could range from the Red Sea to the Indo-Pacific based on the available
COl data. However, P. kaustiana sp. nov. seems to differ from P. helleri in some
key features: shorter postero-dorsal tentacular cirri, reaching up to chaetiger 9,
instead of the reported chaetiger 16 for P. helleri; median parapodia with much
longer dorsal cirri (3x) compared to ventral one; posteriormost parapodia with
much wider dorsal ligule (2.5-3.0%) than the median ligule (Fig. 3C, I) and dor-
sal ligule greatly expanded (3x longer than ventral ligule). Based on parapodia
drawings from Hutchings et al. (1991: 255, fig. 9; Syntype ZMB Q3464), the
ratio between dorsal and ventral cirri in P helleri is subequal to slightly lon-
ger than ventral cirri throughout the body and posteriormost dorsal ligules with
double the width of median ones and slightly expanded (up to 2x the length of
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A

Figure 3. Perinereis kaustiana sp. nov. Parapodia and types of chaetae. Allimages are from the holotype (NTNU-VM-86011)
A right parapodium, posterior view, chaetiger 9 B right parapodium, posterior view, chaetiger 46 C right parapodium,
posterior view, chaetiger 96 D notochaetae: homogomph spiniger with lightly serrated blade, chaetiger 9 E neurochae-
tae, subacicular fascicle: heterogomph falcigers (centre) and heterogomph spinigers with lightly serrated blade (left),
chaetiger 9 F neurochaetae, supra-acicular fascicle: homogomph spiniger with coarsely serrated blade, chaetiger 9
G neurochaetae, subacicular fascicle: heterogomph spiniger with lightly serrated blade, chaetiger 9 H neurochaetae,
supra-acicular fascicle: heterogomph falciger, chaetiger 56 | posterior end, focused on chaetiger 97 and chaetiger 98.
Abbreviations: DC, Dorsal cirri; DL, Dorsal ligule; ML, Median ligule; NA, Neuroacicular ligule; VL, Ventral ligule; VC, Ventral
cirri. Scale bars: 250 pm (I); 100 pm (A-C); 10 pm (D-H).
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Table 4. Comparison between selected characters in the most morphologically similar species to P kaustiana sp. nov.,
reported for the Arabian Peninsula and Mediterranean Sea and lacking DNA data. The Indo-Pacific P. helleri is also includ-
ed. Morphological details of paragnath patterns for P, cultrifera and P. rullieri species complexes also includes partial data
from topotypical specimens belonging to the private collection of the first author, to be published in the forthcoming future.

Characters

Colouration

Paragnaths Area |

Paragnaths Area Il

Paragnaths Area llI

Paragnaths Area IV

Paragnaths Area V

Paragnaths Areas
VI (a+b)

Paragnaths Areas
VI, Vil

Postero-dorsal cirri

Homogomph
spiniger serration
(neurochaetal supra-
acicular fascicle)

Heterogomph
falcigers

Parapodia

Type locality

Reference

P, kaustiana sp. nov.

Yellowish to yellowish brown

2 small paragnaths arranged
in a longitudinal line

Cluster of 5-7 small
paragnaths

Central patch of 9 small
paragnaths + lateral patches
with 2 paragnaths each

13 small paragnaths
arranged in wedge shape
without any bars.

Triangle of 3 paragnaths

2 narrow, straight bars

Area VII, ridge region with
2 transverse paragnaths,
furrow regions with 2

longitudinal paragnaths each;

20-24 total.

Medium sized, reaching up to

chaetiger 9

Coarsely serrated

Present with long blades

Posteriormost dorsal ligules
greatly expanded (3x longer

than ventral ligule) and much

wider (2.5-3x wider than

median ligule) than in anterior

and median ones. Median
dorsal cirri much longer than
ventral ones (ratio 2.8-3x)

Gulf of Agaba, Saudi Arabia
(Red Sea)

This study

P. helleri (Grube, 1878)

Creamy pink or pale brown

Usually 2 small paragnaths
arranged in a longitudinal
line; occasionally 1

Cluster of 4-17 small
paragnaths

Central patch of 11-20 small
paragnaths + lateral patches
with 2 or 3 paragnaths each

10-19 small paragnaths
arranged in wedge shape,
without any bars.

Triangle of 3 paragnaths

2 narrow, straight bars

Area VII, ridge region with
2 transverse paragnaths,
furrow regions with 2
longitudinal paragnaths
each; 21-40 total

Long sized, reaching up to
chaetiger 16

No data

Present with long blades

Posteriormost dorsal ligule
expanded (1.9-2x longer
than ventral ligule). Dorsal
cirri subequal to ventral cirri
throughout the body

Philippines, Bohol (Pacific)

Mohammad 1971; Hutchings
etal. 1991

P, cultrifera (Grube, 1840)

Yellowish brown to dark
brown; faint narrow
transverse pigmented bands
on several anterior chaetigers

Usually 2 paragnaths
arranged in a longitudinal line;
occasionally 1

Diagonal band of 3-15 large
paragnaths

Central patch of 5-11 large
paragnaths, lateral patch
absent

6-20 paragnaths arranged
in wedge shape, without any
bars.

Variable. Usually a triangle of 3
paragnaths; may occasionally
display a single paragnath or
have 4 paragnaths arranged in

rhomboid shape

Variable, usually 2 broader
and straight bars; may have
narrow and/or arcuate and/or
short bars

Usually arranged in two
regular rows of large
paragnaths; 20-50 total

Small sized, reaching up to
chaetigers 4 and 5

Lightly serrated

Present with short blades

Posteriormost dorsal ligule

expanded (1.5-1.8x longer

than ventral ligule); may be
greatly expanded (> 2x)

Naples, western Italy
(Mediterranean)

Hutchings et al. 1991; Pilato
1974

P, rullieri Pilato, 1974

Yellowish brown to dark brown

Usually one; may have 2
paragnaths arranged in a
longitudinal line

Cluster of 3-15 small paragnaths

Central patch of 5-16 small
paragnaths + lateral patches
(may be present only on a single
side) with 1 paragnath each

10-25 paragnaths arranged in
wedge shape without any bars.

Usually a triangle of 3
paragnaths; may occasionally
display a single paragnath

Variable, usually 2 narrower and
straight bars; may be very short

Usually arranged in two irregular
rows of small paragnaths; 20-40
total

Medium sized, reaching up to
chaetigers 6-8

Coarsely serrated

Present with long blades

Posteriormost dorsal ligule
expanded (1.5-1.8x longer than
ventral ligule); may be greatly
expanded (> 2x)

Sicily, Eastern Italy
(Mediterranean)

Pilato 1974

the ventral ligules; Table 4). Furthermore, P. helleri from Hutchings et al. (1991)

does not seem to possess ligules with finger-like ending tips.
Other species with similar paragnath patterns are Perinereis anderssoni (Kin-
berg 1865: 167-179; Park and Kim 2017: 255, fig. 4d) and Perinereis rullieri
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(Pilato 1974: 25-36, figs 1-4), which share the same small sized paragnaths
as P, kaustiana sp. nov., but instead the former two species possess only one
paragnath in each lateral patch of Area Ill and paragnaths in Areas VIl and VIl
are usually arranged in two regular rows, without any discernible pattern in the
furrow or ridge regions. Perinereis anderssoni is reported in the Atlantic region
of the American continent (type locality: Rio de Janeiro, Brazil), while P. rullieri
is apparently restricted to the Mediterranean Sea (type locality: between Aci
Trezza and Augusta, eastern coast of Sicily, Italy). Moreover, the morphological
similar lineages found within the Perinereis cultrifera (Grube 1840: 74, fig. 6;
Hutchings et al. 1991: 253-254, fig. 8a—c) species complex, including P. eui-
ini (Park and Kim 2017: 252-260, figs 1, 2, 4a, b, 5, tables 1, 4, described for
South Korea), are different from P. kaustiana sp. nov. due to the overall larger
paragnath sizes, lack of any lateral patches in Area lll, and the presence of
shorter heterogomph falcigers (Park and Kim 2017: 254, fig. 2L). Specimens of
Perinereis cultrifera from Lobo et al. (2016) were misidentified and are in fact
P, oliveirae (Horst 1889: 38-45, plate 3; Fauvel 1923: 354, fig. 138 e—k), the lat-
ter characterised by the presence of three paragnaths in lateral patches in Area
11, while this feature is absent in P, cultrifera. Perinereis oliveirae is described for
the northern Iberian Peninsula, having also very long bar-shaped paragnaths in
Areas VI and very short tentacular cirri compared to length of the head (reach-
ing chaetigers 1 and 2). These features were confirmed based on the two P. ol-
iveirae specimens from this study and samples from the private collection of
the first author of this study.

Apart from the above-mentioned species, based on WoRMS (https://www.
marinespecies.org/; Read and Fauchald 2024), OBIS (https://mapper.obis.
org/), the Perinereis checklist from Mohammad (1971) for the Arabian Gulf
and the annotated checklist of polychaete species around the Arabian Penin-
sula from Wehe and Fiege (2002), there are five additional Perinereis species
with just a single bar-shaped paragnath on each side of Area VI (Perinereis
species Group |, Hutchings et al. 1991) reported for the Arabian Peninsu-
la: P. perspicillata (Grube, 1878) (Bonyadi-Naeini et al. 2018: 1973, table 4);
P. iranica Bonyadi-Naeini, N. Rastegar-Pouyani, E. Rastegar-Pouyani, Glasby
& Rahimian, 2018: 1965-1976, figs 2, 3, table 4; P obfuscata (Grube, 1878)
(Bonyadi-Naeini et al. 2018: 1973, table 4); P. striolata (Grube, 1878) (Bonya-
di-Naeini et al. 2018: 1973, table 4) and P. floridana (Ehlers, 1868: 269-748,
pls XII-XXIV), as interpreted by Bonyadi-Naeini et al. (2018: 1972-1973, table
4). None of the above species share the same morphotype as P. kaustiana
sp. nov., differing in the paragnath numbers and arrangement, as well as the
length of the postero-dorsal cirri and types of chaetae, as described in the
taxonomic key below. Additionally, four Perinereis Group | species reported
mainly for the Mediterranean Sea were added to the key due to geographi-
cal proximity for comparison purposes: Perinereis cultrifera, Perinereis rullieri,
Perinereis macropus (Claparede, 1870: 444-448, pl. VIII, fig. 1), and Perinereis
tenuisetis (Fauvel, 1915) (Guerne and Richard 1916: 88-92, pl. VII, figs 1-10;
Mahcene et al. 2023). A comparison between selected characters in the most
morphologically similar species to P kaustiana sp. nov., some lacking DNA
data and reported for the Arabian Peninsula and Mediterranean Sea, are sum-
marised in Tables 4, 5 (including P. helleri).
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Table 5. Comparison between selected characters in the most morphologically similar species to P kaustiana sp. nov.,
reported for the Arabian Peninsula and Mediterranean Sea and lacking DNA data.

Characters

Colouration

Paragnaths Area |

Paragnaths Area Il

Paragnaths Area llI

Paragnaths Area IV

Paragnaths Area V

Paragnaths Area VI
(a+b)

Paragnaths Areas
VIl and VIl

Postero-dorsal cirri

Homogomph
spiniger serration

(neurochaetal supra-

acicular fascicle)
Heterogomph
falcigers
Parapodia

Type locality

Reference
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P. iranica Bonyadi-Naeini et
al. (2018)

Creamy with orange
pigmentation in anterior body

Cluster of 4-6 paragnaths

12-15 paragnaths

Central patch of 30-45
paragnaths, lateral patch
absent

40-47 paragnaths arranged in
wedge shape without any bars.

5 paragnaths in one row,
median one larger than others

2 long, arcuate bars

3 rows, two distal most rows
composed of large paragnaths
and proximal row comprising
small paragnaths; 25-31 total

Very small, reaching up to
chaetiger 2

No data

Present with short blades
Posteriormost dorsal ligule
greatly expanded

Iran (Persian Gulf)

Bonyadi-Naeini et al. 2018

P. perspicillata Grube, 1878

No data

Cluster of 6-8 paragnaths

Cluster of paragnaths

Central patch, lateral patch
absent

Cluster of very dark
paragnaths

Triangle of 3 paragnaths

2 large transversal bars

Central group with three
rows, lateral ones with one
row

No data

No data

No data

No data

Philippines (Pacific)

Fauvel 1911; Mohammad
1971

P. macropus (Claparéde, 1870)

Greenish; white pigmented dots
in prostomium and anterior
region (based on the drawings)

Cluster of 4 paragnaths

20-25 paragnaths arranged in
wedge shape

Central patch of 30-35
paragnaths + lateral patches with
4 paragnaths each

25-27 paragnaths arranged in an
inverse triangle

5 paragnaths in one row + single
middle paragnath on top of the
row

2 slightly arcuate transversal bars

Band of 50-55 paragnaths

Very small, reaching up to
chaetiger 2

No data

Short blades

Posteriormost dorsal ligule not
expanded

Naples, western ltaly
(Mediterranean)

Claparéde 1870

P. floridana (Ehlers, 1868)

No data

1 large paragnath.

Group of paragnaths in three
oblique rows

Group of very small
paragnaths in three parallel
rows

Group of paragnaths in four
parallel rows, the last shorter
than the others and ending in
a cluster in the central corner

1 large paragnath

1 single, broad, flat,
somewhat triangular
paragnath

Group of large paragnaths in
two distinct rows

Extend back to chaetiger 5

No data

Present with short, sickle-
shaped blades

No data

Caribbean Sea

Wesenberg-Lund 1949;
Bonyadi-Naeini et al. 2018

Key to the Perinereis species Group | reported for the Arabian Peninsula

and Mediterranean Sea, including the Indo-Pacific ingroup P. helleri

1  AreaV, usually a triangle of 3 paragnaths or more .........cccccceoeveiieiieeneee 2
— AreaV, asingle paragnath or absence............ccccccoevieeieciieciiciicieeeee, 8
2  Areal,asmall cluster of 4—8 paragnaths............cccooooiiiiiiciii 3

— Areal, 1to 3 paragnaths; if more than 1, arranged in a longitudinal line...4
3 Area lll, cluster of paragnaths, lateral patches absent; Area VI, a large

transversal bar...........ocooooieiiioeeeeeeeee e, P, perspicillata
— Arealll, cluster of paragnaths, lateral patches present, 4 paragnaths each;
Area VI, a shortarcuate bar..........cccccooeeiiiiiiiiiiii P. macropus
4  Large paragnath sizes; Area lll, lateral patches absent. Short heterogomph
FICIGEIS ettt ettt ae e 5
— Small paragnath sizes; Area lll, lateral patches with 1 or 2 paragnaths
each. Long heterogomph falcigers .........c.oooooiiiiiiicciiceeeeeeeee 6
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5 AreaV, onerow of 5 paragnaths, median one larger than others; Area VI, a

long clear arcuate bar ..........coooveiiiiiii P, iranica
— AreaV, a triangle of 3 paragnaths; Area VI, a short straight bar, may be
slightly arcuate ..........ccoooveveiiivieieieeceeee P. cultrifera (complex)
6  Area lll, lateral patches with 1 paragnath each (may be present only on a
SINGIE SIAR) ... P, rullieri (complex)
—  Areallll, lateral patches with 2 paragnaths each ............cccoccooiiiii. 7

7  Length of postero-dorsal cirri extends back to chaetiger 16 (range 8-16).
Dorsal cirri subequal to slightly longer than ventral one throughout the body.
Posteriormost dorsal ligules expanded. Indo-Pacific variant............. P, helleri

—  Length of postero-dorsal cirri extends back to chaetigers 7-9. Dorsal cirri
of median segments much longer than ventral cirri (DCL / VCL = 2.8-3x).
Posteriormost dorsal ligules greatly expanded. Red Sea variant ................
........................................................................................ P, kaustiana sp. nov.

8 Area V, absence of paragnaths. Homogomph falcigers present; hetero-

gomph falcigers absent............c.cooooiiiiiiiccieeeee P, tenuisetis
— AreaV, a single paragnath. Homogomph falcigers absent; heterogomph

falcigers usually present”............oovoovieiieiiciiceee e 9
9 Areal,1large paragnath.........c.cccoooioiiiieoieiiceeeeeeeee, P, floridana
— Areal,asmall cluster of 3—9 paragnaths...........cccoeiiriieieciiineieee, 10
10 Tentacular cirri reaching backwards to chaetiger 1.................. P, obfuscata
—  Tentacular cirri reaching backwards to chaetigers 6 and 7........ P, striolata
Discussion

Our molecular data provides compelling evidence for the existence of a new,
deeply divergent, and completely sorted species within the Perinereis species
Group | in the Red Sea. At first glance, P. kaustiana sp. nov. can be easily misiden-
tified as the well-known and allegedly cosmopolitan P, cultrifera, due to the clas-
sic two bar shaped paragnaths in Areas VI and proximity with the Mediterranean
Sea. This might be the reason the latter is usually reported for the Red Sea (Wehe
and Fiege 2002; Bonyadi-Naeini et al. 2018; OBIS), but a greater sampling effort in
the central and southern Red Sea regions are needed to confirm this. Morphologi-
cal features, such as the paragnath arrangement, as well as the length of tentacu-
lar cirri and ratios within the parapodia also allowed the distinction of P. kaustiana
sp. nov. from other similar species (see taxonomic key and Tables 4, 5). Upon
careful morphological examination, P kaustiana sp. nov. is morphologically clos-
er to the Indo-Pacific P, helleri, than it is to the European P, cultrifera, based mainly
on paragnath patterns, particularly in Areas Ill (Fig. 2D) and VII and VIII (Fig. 2G),
and similar length of the falciger blades. Paragnath features in Areas VII and
VIl lends support to the taxonomic importance of highlighting faint ridges and
furrows in the ventral oral ring for certain Perinereis species (Conde-Vela 2018),
which usually are not accounted in species descriptions due to no apparent pat-
tern being found (i.e., Teixeira et al. 2022a). Perinereis kaustiana sp. nov. and P
helleri are also phylogenetically closely related (Fig. 1A), despite being divergent
lineages, with genetic distances that are in the range used for delimitating poly-
chaete species (i.e., Kvist 2016; Lobo et al. 2016; Nygren et al. 2018). This situ-

* No available chaetae data for P, striolata.
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ation, together with the absence or subtle morphological differences previously
overlooked, resembles cryptic lineages within a species complex (Teixeira et al.
2022b, 2023), and further sampling efforts between the Red Sea to the Indo-Pa-
cific region are needed to assess this.

The new species is so far unique to the northern Red Sea and apparently easy to
find in the rocky beaches of the Gulf of Agaba. Considering the high rate of ende-
mism in the Red Sea (DiBattista et al. 2016), this species may indeed be endemic
to this Sea, although further sampling across this region and the Indo-Pacific area
might prove it to be more widespread. In the remaining sampling sites further
south, along the northern Saudi coast, P. kaustiana sp. nov. is outcompeted by
the sympatric distributed Perinereis nuntia species group, which seems to be the
dominant coastal annelid in the region (Fig. 1B). The latter is also a species com-
plex with several different species recently revised by Villalobos-Guerrero (2019).
Our specimens initially identified as belonging to the P nuntia complex revealed at
least two different morphotypes, which after further morphological (mainly based
on paragnath patterns, Fig. 1C, D) and molecular review corresponded to the new
species recently described by Elgetany et al. (2022) for the neighbouring Egyptian
coast (Suez Canal), namely P damietta (Fig. 1C) and P. suezensis (Fig. 1D). These
species are sympatric with P. kaustiana sp. nov., but apparently not sympatric with
each other in the studied region (Fig. 1B). Perinereis damietta (which is morpho-
logically more similar to P heterodonta Gravier, 1899 than to P. nuntia according
to Elgetany et al. (2022)), was found mainly in lagoon-like environments, whereas
P, suezensis only in fully marine areas. Perinereis kaustiana sp. nov. shared both
marine and lagoon-like habitats, with all the three sampled species found in inter-
tidal coarse-grained sand, under rocks or cobles. As speculated by Elgetany et al.
(2022), P damietta seems to have a slightly wider habitat preference, since some
of our specimens (from Al Muwaileh lagoon) also occurred sub-tidally, attached
to small rocks at approximately 1 meter depth.
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