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Abstract

Megabranchiella gen. nov. (Ephemeroptera: Baetidae) is established as a new baetid mayfly genus from
northern Thailand. Two new species, Megabranchiella scutulata sp. nov. and Megabranchiella longusa
sp. nov., are described. This genus is distinguished from other Baetidae by abdominal segment I, bearing
a pair of enlarged, ventrally oriented single gills, covering abdominal sternites II-V; other gills have
normal size and are dorsolaterally oriented. The two new species Megabranchiella longusa sp. nov. and
Megabranchiella scutulata sp. nov. can be differentiated by the setation of femur dorsal margin and the
shape of abdominal gill I. This mayfly genus was found in flowing water with cobble microhabitats in

headwater streams of northern Thailand.
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Introduction

Baetidae is a common family of mayflies with a worldwide distribution, except for
Antarctica and New Zealand. The family comprises ca. 1,070 species assigned to
110 genera; it comprises approximately one-third of the global mayfly diversity and
is therefore the most diversified mayfly family (Sartori and Brittain 2015; Jacobus
etal. 2019; Kaltenbach et al. 2020). The generic diversity of Baetidae is the highest
in the Afrotropical realm (ca. 40 genera), followed by the Oriental and Neotropical
realms (ca. 28 and 27 genera, respectively), and finally the Nearctic and Palearctic
realms (ca. 20 genera and 17 genera, respectively), while the lowest diversity is in
the Australasian realm (ca. 12 genera) (Gattolliat and Nieto 2009; Kaltenbach et al.
2020). Although the Oriental realm has several regions with high potential diver-
sity (e.g. the Indian subcontinent, Sunda islands and the Philippines), the apparent
low diversity most certainly reveals a lack of data and poor sampling (Kaltenbach et
al. 2021). The knowledge of the diversity in the Oriental realm, including South-
east Asia has been gradually improved in the last two decades. New genera and new
species have been described and reported from many islands, including Indonesia,
New Guinea, Philippines, and Malaysia (Sabah) (Kaltenbach et al. 2020, 2021).
Despite these recent improvements, the real extent of the diversity remains only
partially known and the distribution of most species underestimated (Suttinun
et al. 2020).

Three new genera have been described from Southeast Asia in recent times. A new
genus, Procerobaetis Kaltenbach & Gattolliat, and four new species, P leptobranchius
Kaltenbach & Gattolliat, 2020 P petersorum Kaltenbach & Gattolliat, 2020
P fretagi Kaltenbach & Gattolliat, 2020 and P rotuspinosus Suttinun, Kaltenbach
& Boonsoong were, 2021 reported from Indonesia (Sumatra), Philippines and
Thailand (Kaltenbach et al. 2020; Suttinun et al. 2021). Philibaetis Kaltenbach &
Gattolliat, a new baetid mayfly genus, was also reported from the Philippines with
two species, 12 luzonensis (Miiller-Liebenau, 1982) and P realonae (Miiller-Liebenau
1982) (Kaltenbach et al. 2021). Since the last decade, the trend in species diversity
of the Baetidae has also been increasing in Thailand, due to recording of new taxa or
distribution extension. Approximately nine genera and 13 species have been reported
and described from Thailand (Suttinun et al. 2021). The newest genus, Cymbalcloeon
Suttinun, Gattolliat & Boonsoong, with a new species, Cymbalcloeon sartorii
Suttinun, Gattolliat & Boonsoong, 2020 was reported as a Thai endemic (Suttinun
etal. 2020). The present work describes a new genus of Baetidae from Thailand. This
new genus was collected during a large survey of Baetidae from Northern Thailand. It
was collected in headwater streams. Herein, the new genus and two new species were
described at the larval stage. The comparison with the larval morphology of other
genera is also provided.
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Materials and methods

Larval specimens were collected by hand-picking from all stream orders in Northern
Thailand. Sampling sites are located in various natural conditions. Megabranchiella
larval specimens were found and collected from headwater streams in the northern
region only (Table 1; Fig. 15).

The specimens were preserved in 95% ethanol. The larvae were dissected in
glycerin under a Nikon SMZ745 stereomicroscope, with subsequent mounting
on slides by glycerin. The micro-characters were observed with a Nikon Eclipse
E200LED MV ] compound microscope. Drawings were prepared using a cam-
era lucida attached to an Olympus CH30 compound microscope, and they were
scanned for illustration with the Procreate application (iOS application). Pho-
tographs of larvae were taken with a Canon EOS 700D camera and edited with
Adobe Lightroom (http://www.adobe.com). The habitus photographs and meas-
urements (given in mm) were obtained using NIS-Elements software with a Nikon
SMZ25 stereomicroscope. Final plates were prepared and processed with Adobe
Photoshop (http://www.adobe.com). For scanning electron microscopy (SEM),
specimens were preserved in 95% ethanol and transferred to absolute ethanol for
dehydration. The specimens were then dissected and transferred to microtubes
and covered with a fine mesh net (mesh size 60 pm) for drying in a Critical Point
Dryer (CPD). The dried specimens were set on stubs and coated with a 20 nm layer
of gold with a Cressington sputter Coater. SEM images were obtained by Field
Emission Scanning Electron Microscopy (FESEM; Fei Model: Helios NanoLab
G3 CX). The examined material was deposited in the Collection of Aquatic In-
sect of Department of Biology at Khon Kaen University in Khon Kaen, Thailand
(KKU-AIC), the collection of the Zoological Museum at Kasetsart University in
Bangkok, Thailand (ZMKU) and the Museum of Zoology in Lausanne, Switzer-
land (MZL).

This research has been reviewed and approved by the Institutional Animal Care and
Use Committee of Khon Kaen University, based on the Ethic of Animal Experimenta-
tion of National Research Council of Thailand (Record No. IACUC-KKU-65/63) for
collecting the baetid mayfly specimens.

Table 1. GPS coordinates of locations of examined specimens.

Species Provinces GPS coordinates Altitudes (m
a.s.l.)
M. scutulata sp. nov. Chiang Mai 18°52'01.65N, 99°19'20.83E 779
Chiang Rai 20°00'39.60N, 99°48'14.47E 476
M. longusa sp. nov. Chiang Mai 18°32'50.02N, 98°30'49.79E 1,359

Nan 19°09'19.09N, 101°10'12.96E 995
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Results
Taxonomy

Order Ephemeroptera Hyatt & Arms, 1891
Family Baetidae Leach, 1815

Genus Megabranchiella Phlai-ngam & Tungpairojwong, gen. nov.
https://zoobank.org/AYF66B30-FEDB-46FA-B8E7-D6A338E10D63

Type species. Megabranchiella scutulata sp. nov., by present designation.

Included species. Megabranchiella longusa sp. nov.

Megabranchiella scutulata sp. nov.

Diagnosis. Larva (Figs 1-3). Larval body ventrally flattened (Fig. 4). Margins of
head capsule relatively densely covered with fine, long setae. Antenna without process
on scape, margins of scape and pedicel densely covered with long, fine, simple setae;
flagellum short, covered with scattered long, fine, simple setac. Mouthparts relatively
compact. Labrum (Fig. 5A) broadly rounded, dorsally with one central seta and a
row of setae reduced in number. Mandibles with smooth margin between mola and
prostheca, without setae, right and left prostheca comb-shaped. Maxilla (Fig. 5H)
with 2-segmented palp, with a small tip at apex. Labium compact (Fig. 5K), glossa
and paraglossa covered with stout setae, labial palp 3-segmented, terminal segment
rounded. Thorax broad; forewing pad broad, large, divergent; hindwing pad highly
reduced. Femur with a regular row of long, stout, setae on dorsal margin, surface covered
with scattered tiny spine-like setae anteromedially, ventral femoral patch present. Tibia
with long feathered setae on dorsal margin, covered with scattered fine setae and short,
pectinate setae. Tarsus without preapical setae, tarsal claw with one row of denticles.
Abdominal tergites covered with scattered long, fine setae; posterior margin smooth.
Abdominal gills segment I (Fig. 6D) ventrally oriented, enlarge covering abdominal
sternites II to V; gill margin smooth without setae. Abdominal gills segment II-VII
dorsolaterally oriented, gill margins with densely covered with long fine setae. Gonostily
under larval cuticule Acentrella-type (Fig. GE). Paraproct surface with notched scales
and long setae; distal margin smooth without prolongation. Caudal filaments with
swimming setae; median filament reduced to shorter than 0.4x of cerci length.

Winged stage. Unknown.

Etymology. Megabranchiella is a combination of Mega- in reference to the enlarged,
-branchio- in reference to gills and -7e/la in reference to the genera Liebebiella and Acentrella
which are most certainly the closely related genera. The “Megabranchiella” refers to the
remarkable enlarged abdominal gill segment I of baetid mayfly. The gender is feminine.

Description. Larva (Figs 1-3). Body Relatively short and ventrally flattened
(Fig. 4), covered with scattered long, fine setae; head and thorax in lateral view rounded.

Head. Antenna. ca. 2 x as long as head length; scape, pedicel and flagellum with-
out process, without scale bases and spines, covered with scattered long, fine setae;
flagellum covered with scattered long, fine setae in each segment.
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Figure |. Megabranchiella scutulata sp. nov., male larva A early larval stage B last larval instar.
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Figure 2. Megabranchiella scutulata sp. nov., female larva. A early larval stage B last larval instar.



Megabranchiella gen. nov., a new mayfly genus from Thailand

Figure 3. Megabranchiella scutulata sp. nov., ventral view A early larval stage B last larval instar.
(arrow: gills T).
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Labrum (Fig. 5A). Broadly rounded; wider than long; dorsal surface with one
central seta and a row of setae reduced in number, long scattered simple setae along
dorsal margin, scattered simple, hairlike setae; distal margin with anteromedian notch
shallow, disterolateral margin with long feathered setae; distomedial margin with a row
of small, short, feathered setae.

Right mandible (Fig. 5B-D). Canine with almost completely fused outer and in-
ner incisors, incisors well developed, apically rounded; prostheca robust, apically with
small denticles and comb-shaped structure; edge between mola and prostheca smooth,
without setae; molar area with numerous small, apically rounded teeth; apex of mola
with tuft of spines like setae.

Left mandible (Fig. 5SE-G). Canine with almost completely fused outer and in-
ner incisors, well developed incisors, apically rounded; prostheca robust, apically with
small denticles; margin between mola and prostheca smooth, without setae; molar area
with numerous small, round teeth, apex of mola with tuft of thin setae.

Maxilla (Fig. 5H). Short and compact; galea-lacinia (Fig. 5I) with long, robust,
simple setae under crown. Inner dorsal row of setae with three denti-setae, distal denti-
seta tooth-like, middle denti-seta slender, bifid and pectinate (Fig. 5]), proximal denti-
seta slender, pectinate; innermost denticles with a row of robust, simple setae; medially
with one seta and four short to long, simple setae. Short, stocky, 2-segmented maxil-
lary palp, with scattered small setae; distal segment with distinct, small tip.

Labium (Fig. 5K). Short and compact; glossa basally broad, narrower toward apex,
slightly shorter than paraglossa; paraglossa sub-rectangular, broader than glossa, api-
cally curved inward, apical margin with three rows of medium stout setae; labial palp
3-segmented, segment I with small distolateral expansion, segment III rounded, ven-
tral surface covered with scattered setae.

Hypopharynx (Fig. 5SM). Lingua subequal to superlingua, apically rounded, with
apical tuft of fine, long, simple setae; superlingua with distal margin slightly incurved,
margin covered with fine simple setae.

Thorax. Forewing pads. Highly developed related to body size; clearly divergent.

Hindwing pads. Highly reduced.

Forelegs (Figs 7A, 12A). Dorsal margin of femur with a row of long, simple setae;
short, stout, lanceolate, laterally pectinate setae and scattered fine hair-like setae along dor-
sal and ventral margins; femora patch present; dorsal surface with scattered tiny spine-like
setac anteromedially; scattered long translucent scales present; dorsal margin of tibia with
a row of long, simple setae; several broad, lanceolate, laterally pectinate setae and scattered
hair-like setae along dorsal and ventral margins, patella-tibial suture present; tarsus dorsally
with a row of spine-like simple setae, ventral margin bare or with a row of spine-like simple
setae, surface covered with scattered fine hair-like setae; tarsal claw with one row of denticles
increasing in length toward apex, subapical setac absent. Midlegs and hindlegs. As forelegs.

Abdomen (Fig. 6B). Tergites. Posterior margin smooth, posterior marginal spines
reduced to absent, tergal surface with scattered stout, fine, hair-like setae and scattered
long translucent scales distally. Gonosyli under larval cuticule Acentrella-type (Fig. GE).

Gills. Seven pairs of gills present on abdominal tergites I-VII; gills I enlarged to
covered abdominal sternites II-V, oriented ventrally (Fig. 6D), gill margin smooth,
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Figure 4. Megabranchiella scutulata sp. nov., larval habitus A dorsal view B lateral view € ventral view.

Scale bars: 0.5 mm.

without fine hair-like setae; gills II-VII slightly oval, oriented dorsolaterally, gills mar-
gin smooth with scattered, long, fine hair-like setae.

Paraproct (Fig. 7E). Margin smooth without marginal spines and without prolon-
gation at posterior margin.
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Figure 5. Megabranchiella scutulata sp. nov., larval morphology A labrum B right mandible C right
incisor D right prostheca E left mandible F left incisor G left prostheca H maxilla I apex of galea-lacinia
J denti-seta K labium L long, robust, pectinate setac M hypopharynx.
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Figure 6. Megabranchiella scutulata sp. nov., larval morphology A dorsal margin of femur B dorsal view of
abdomen C enlargement of abdominal tergites V-VII D ventral view of abdominal gills I (arrow) E ven-

tral view of gonostyli. Scale bars: 0.15 mm (A); 0.5 mm (B); 0.25 mm (C); 0.4 mm (D); 0.3 mm (E).
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Figure 7. Megabranchiella scutulara sp. nov., larval morphology A foreleg B tarsal claw C tergite V D ab-
dominal gills I-VII E Paraproct and notched scales on surface.

Caudal filaments. Inner margin of cerci with very thin, long setae; median filament
reduced shorter than 0.4x of cerci length, lateral margins with very thin, long setae.

Winged stage. Unknown.
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Megabranchiella scutulata Phlai-ngam & Tungpairojwong, sp. nov.
https://zoobank.org/ 9DBB55FF-E63C-4DDA-9235-D825D0A0COSE

Materials examined. Holotype. TaaiLaND, One male larva on slide (KKU-AIC),
Chiang Mai, Mae On district, Mae Kampong, The Royal Project of Teen Tok,
18°52'01.65N, 99°19'20.83E, 779 m, 21.12.2020, S. Phlai-ngam leg.

Paratypes. One larva on slide (KKU-AIC), same data as holotype; 21 larvae in
alcohol, same data as holotype; Four larvae in alcohol (MZL), same data as holotype.

Other materials. Two larvae in alcohol (ZMKU), Thailand, Chiang Rai, Muang
district, Pong Phra Baht waterfall, 20°00'39.60N, 99°48'14.47E, 476 m, B. Boon-
soong and C. Sutthinun leg.

Description. Coloration (Figs 1-2). Head dorsally yellow to brownish, with a
darker brown pattern between ocelli. Thorax dorsally brown; pronotum with dark
brown pattern laterodorsally, mesonotum with longitudinally dark brown pattern
medially. Abdomen dorsally brownish; tergite I light brown; tergites I-VIII brown
with reddish brown pattern posterolaterally, tergites IV and V slightly lighter; ter-
gites IX and X light brown with or without pale markings. Head and thorax ven-
trally light brown to yellow; abdomen ventrally light brown; sternites I-V light
brown; sternites V-X medium to dark brown (Fig. 3). Legs light brown; dorsal,
ventral, and apical femur margins dark brown; claws distally dark brown. Caudal
filaments brownish.

Body (Fig. 4). Relatively short and ventrally flattened (Fig. 4B), body length
3.6 mm, covered with scattered long, hair-like setae.

Head (Fig. 4B). Lateral view rounded, head width ca. 1.5 x as long as head length.

Antenna. ca. 2 x as long as head length (Fig. 4B); scape without process, subequal
in width and length, pedicel length, ca. 2 x as long as width, scape and pedicel almost
bare, without scales bases and spines, covered with scattered long fine setae; flagellum
covered with scattered long fine setae in each segment.

Labrum (Fig. 5A). Broadly rounded; wider than long, width ca. 1.75 x as long as
length; dorsal surface with submarginal row composed of one long, point, simple seta
medially plus three medium, simple setae anterolaterally, dorsal surface with scattered
simple, hairlike setae; distal margin with shallow anteromedian notch. Ventrally with
submarginal row of setaec composed of lateral and anterolateral long, feathered setae
and medial long, pectinate setae; ventral surface with six short, spine-like setae near
lateral and anterolateral margin.

Right mandible (Fig. 5B). Canine with 4 + 4 apically rounded denticles (Fig. 5C),
largely fused outer and inner incisors, inner margin of inner incisor with small
denticulation; prostheca robust (Fig. 5D), apically with small denticles and comb-
shaped structure; margin between mola and prostheca smooth, without setae; mola with
well-developed denticulation; apex of mola with tuft of spines like setae.

Left mandible (Fig. 5E). Canine with 4 + 3 apically rounded denticles (Fig. 5F),
largely fused outer and inner incisors, outer and inner incisors separated by a small,
rounded tooth; prostheca robust (Fig. 5G), apically with small denticles and comb-
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shaped structure; margin between mola and prostheca smooth, without setae; mola
with reduced denticulation, apex of mola with tuft of spines like setae.

Maxilla (Fig. 5H). Short and compact; galea-lacinia (Fig. 5I) with long, robust,
simple seta under crown; inner dorsal row of setae with three denti-setae, distal denti-
seta tooth-like, middle denti-seta slender, bifid and pectinate (Fig. 5]); proximal denti-
seta slender, pectinate; inner ventral row of seven robust, simple setae; medially with
one seta and four short to long, simple setae. Maxillary palp 2-segmented, with scat-
tered small, blunt setae; distal segment with distinct, small tip at apex.

Labium (Fig. 5K). Glossa basally broad, narrower toward apex, slightly shorter
than paraglossa; inner margin with medium, pointed, simple setae; apex with four
long, robust, pectinate setae; basal area with fine scattered setae. Paraglossa sub-rec-
tangular, broader than glossa, apically curved inward, apical margin with three rows
of long, robust, apically pectinate setae (Fig. 5L), ventrally with 4-5 long, spine-like
setae near inner margin, with an arch of 4-5 long, simple setae on outer margin; basal
area with a single medium seta. Labial palp 3-segmented, segment I rectangular and
broad, covered with scattered fine, setae and several micropores; segment II with small
distolateral expansion, with a few scattered, simple setae and row of setae reduced to
two large, blunt, robust, simple setae near distal margin; segment III rounded, covered
with long, robust, simple setae.

Hypopharynx (Fig. 5M). Lingua subequal to superlingua, apically rounded, with
apical tuft of fine, simple setae; superlingua with distal margin slightly incurved, mar-
gin covered with fine simple setae.

Thorax. Hindwing pads (Fig. 8A). Highly reduced.

Forelegs (Fig. 7A). Ratio of foreleg segments 0.58: 0.48: 0.22. Femur. Length ca.
2.5x maximum width. Dorsal margin of femur (Figs 6A, 8B—C) with a row of 11-13
long, robust, apically rounded, simple setae; short stout, lanceolate, laterally pectinate
setae and scattered fine hair-like setae along dorsal and ventral margins (Fig. 8D);
femora patch present; surface with scattered tiny spines anteromedially (Fig. 8E); scat-
tered long translucent scales present; dorsal margin of tibia with a row of long, simple
setae; several short stout, lanceolate, laterally pectinate setae and scattered hair-like
setae along dorsal and ventral margins, patella-tibial suture present; tarsus dorsally with
a row of fine, spine-like, simple setae, ventral margin bare or with a row of fine, spine-
like, simple setae, surface covered with scattered fine hair-like setae; tarsal claw (Fig.
7B) with one row of about 12 denticles increasing in length toward apex, subapical
setae absent. Midlegs and hindlegs. As forelegs.

Abdomen (Fig. 6B). Tergites. Posterior margin smooth, posterior marginal spines
extremely reduced to absent, tergal surface with scattered stout, fine, hair-like setae and
scattered long translucent scales distally (Figs 6C, 7C, 8F); abdominal sternites with-
out posterior marginal spines; sternal surface with loose scattered fine, hair-like setae.

Gills (Fig. 7D). Seven pairs of gills present on abdominal tergites I-VII; gills I
(Fig. 6D) enlarged to covered abdominal sternites II-V, ventrally oriented, relatively
rhombus shape, length approximately 1.4x of width, medially part broad, trachea-
tion extending from main trunk to outer margin, gill margin smooth, surface and gill
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Figure 8. Megabranchiella scutulata sp. nov., larval morphology (SEM) A hindwing pad B forefemur
(dorsal view) € setae on dorsal margin of forefemur D setae on ventral margin of forefemur E abdominal

tergites F tergite V. Scale bars: 50 um (A); 100 um (B=C, F); 20 um (D); 500 um (E).

margin without long, fine hair-like setae; gills II-VII oriented dorsolaterally, slightly
oval length approximately 2.1x of width, gill margin smooth, surface and gill margin

covered with scattered long, fine hair-like setae.




16 Sirikamon Phlai-ngam et al. / ZooKeys 1125: 1-31 (2022)

Gonostyli bud (Fig. GE). Acentrella-type, three-segmented, segment I very short,
0.3 x of segment II length, segment III relatively short and broad, rounded at apex.

Paraproct (Fig. 7E). Margin smooth without marginal spines and without pro-
longation at posterior margin. Surface without scale bases, with micropores and fine,
stout, simple setae and scattered fine, hair-like setae, and with a patch of notch scales.

Caudal filaments. Cerci 0.4x of body length, inner margin of cerci with very
thin, long setae; median filament 0.5 x of cerci length, lateral margins with very thin,
long setae.

Winged stages. Unknown

Etymology. The name of the species “scutula” refers to the outline of abdominal
gill I which is rhombus- shaped.

Distribution. Northern part of Thailand (Chiang Mai and Chiang Rai Provinces)
(Fig. 15).

Ecological notes. The larvae were collected in headwater stream (Mae Kampong
River) (Fig. 14A) and Pong Phra Baht waterfall (Fig. 14B). The sampling sites were
located with altitudes of 475-780 m a.s.l. Both stream and waterfall were situated in
forest areas with relatively complete canopy cover on mountains in the northern part
of Thailand. The stream was in The Royal Project of Teen Tok area which has some hu-
man disturbances resulting from touristic attractions and resorts. The substrates were
dominated by 50% cobbles, 20% pebble, 20% boulders, 10% gravels respectively with
sand bottom. The waterfall was located upstream. The larvae were found on the surface
of cobbles in fast-flowing water (Fig. 14C).

Megabranchiella longusa Phlai-ngam & Tungpairojwong, sp. nov.
https://zoobank.org/65816410-4304-459F-85AF-5C372989F48A

Holotype. One male larva on slide and SEM stubs (KKU-AIC), Thailand, Chiang Mai,
Chom Thong district, Ban Luang, Siribhum waterfall, 18°32'50.02N, 98°30'49.79E,
1,359 m, 11.03.2021, B. Boonsoong and C. Sutthinun leg.

Paratype. One larva in alcohol (ZMKU), same data as holotype.

Other materials. One larva in alcohol (MZL), Thailand, Nan, Bo Kluea district,
Kluea district Tai, Sapan River, 19°09'19.09N, 101°10'12.96E, 995 m, B. Boonsoong
and C. Suttinun leg.

Description. Coloration (Fig. 9A-B). Head dorsally brownish, darker brown
along frontal suture. Thorax dorsally brown; pronotum with dark brown pattern me-
dially, mesonotum with longitudinally darker brown pattern medially. Abdomen light
brown with dark brown pattern; tergites I-VIII brownish, with darker brown marks
laterally to posterior margin, tergites II-III with a paired of pale dots medially, tergites
IV-VIII with distinct paired of pale, oblique streak, and with a pale, longitudinal
pattern medially, tergites IX—X paler than other tergites, with the same pattern as ter-
gites IV=VIII; abdomen ventrally light brown (Fig. 9C). Legs light brown; dorsal,
ventral, and apical femur margins dark brown; claws distally dark brown. Caudal fila-
ments brownish.
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Figure 9. Megabranchiella longusa sp. nov., larval habitus: A dorsal view B lateral view C ventral view.

Scale bars: 1 mm.

Body (Fig. 9). Ventrally flattened (Fig. 9C), body length 3.5 mm, covered with
scattered long, hair-like setae.

Head (Fig. 9B). Lateral view rounded, head width ca. 1.2 x as long as head length.

Antenna. Ca. 2 x as long as head length (Fig. 9B); scape without process, subequal
in width and length, slightly shorter than pedicel, pedicel ca. 2 x as long as width,
scape and pedicel almost bare, without scales bases, covered with scattered long, fine
setae; flagellum covered with scattered long, fine setae.

Labrum (Fig. 10A). Broadly rounded; wider than long, width ca. 1.17 x as long as
length; dorsal surface with submarginal row composed of one long, point, simple seta
medially plus three long, point, simple setae anterolaterally, dorsal surface with scat-
tered simple, hairlike setae; distal margin with anteromedian notch shallow. Ventrally
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with submarginal row of setae composed of lateral and anterolateral long, feathered
setae and medial long, pectinate setae; ventral surface with five short, spine-like setae
near lateral and anterolateral margin.

Right mandible (Fig. 10B). Canine (Fig. 10C) with 4 + 4 apically rounded den-
ticles, largely fused outer and inner incisors; inner margin of inner incisor with small
denticulation; prostheca robust (Fig. 10D), apically with small denticles and comb-
shaped structure; mola between mola and prostheca smooth, without setae; mola with
well-developed denticulation; apex of mola with tuft of spines like setae.

Left mandible (Fig. 10E). Canine (Fig. 10F) with 4 + 4 apically rounded denticles,
largely fused outer and inner incisors; inner margin of inner incisor with small den-
ticulation; prostheca robust, apically with small denticles and comb-shaped structure
(Fig. 10G); mola between mola and prostheca smooth, without setae; mola with re-
duced denticulation, molar area with numerous small, round teeth, apex of mola with
tuft of spines like setae.

Maxilla (Fig. 10H). Short and compact; galea-lacinia (Fig. 10I) with long, robust,
simple setae under crown; inner dorsal row of setae with denti-setae; distal denti-seta
tooth-like, middle denti-seta (Fig. 10]) slender, bifid and pectinate; proximal denti-
seta slender, pectinate; inner ventral row of six robust, simple setae; medially with one
seta and four simple setae. Maxillary palp 2-segmented, with scattered small, blunt
setae; distal segment with distinct, small tip at apex.

Labium (Fig. 10K). Short and compact; glossa basally broad, narrower toward
apex, slightly shorter than paraglossa; inner margin with medium, pointed, sim-
ple setae; apex with four long, robust, pectinate setae. Paraglossa sub-rectangular,
broader than glossa, apically curved inward, apical margin with three rows of long,
robust, apically pectinate setae (Fig. 10L), ventrally with 2-3 long, spine-like setae
near inner margin, with an arch of 4-5 long, simple setaec on outer margin. Labial
palp 3-segmented, segment I rectangular and broad, covered with scattered fine,
setae and several micropores; segment II with small distolateral expansion, with a
few scattered, simple setae and a row of setae reduced to two large, blunt, robust,
simple setae near distal margin; segment III rounded, covered with long, robust,
simple setae.

Hypopharynx (Fig. 10M). Lingua subequal to superlingua, apically rounded, with
apical tuft of fine, short simple setae; superlingua with distal margin rounded, with
fine, short simple setae along margin.

Thorax. Hindwing pads (Fig. 13A). Highly reduced.

Forelegs (Fig. 12A). Ratio of foreleg segments 0.68: 0.59: 0.25. Femur (Fig. 13B).
Length ca. 3x maximum width. Dorsal margin of femur (Figs 11A, 13C-D) with a row
of 18-20 long, robust, apically pointed, laterally pectinated setae; short stout, lanceolate,
laterally pectinate setae and scattered fine hair-like setae along dorsal and ventral mar-
gins; femora patch present; surface with scattered tiny spines anteromedially (Fig. 13E);
dense long, fine, small apically blunt, hair-like setae present; dorsal margin of tibia with
a row of long, apically pointed, pectinate setae; several short stout, lanceolate, laterally
pectinate setae and scattered short, apically pointed, hair-like setae along dorsal and
ventral margins, patella-tibial suture present; tarsus dorsally with a row of fine, simple
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Figure 10. Megabranchiella longusa sp. nov., larval morphology A labrum B right mandible C right
incisor D right prostheca E left mandible F left incisor G left prostheca H maxilla | apex of galea-lacinia
J denti-seta K labium L long, robust, pectinate setac M hypopharynx.
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Figure | 1. Megabranchiella longusa sp. nov., larval morphology A dorsal margin of femur B dorsal view

of abdomen € enlargement of abdominal tergites IV-VII D ventral view of abdominal gills I (arrow)
E ventral view of gonostyli. Scale bars: 0.1 mm (A); 0.8 mm (B); 0.2 mm (C); 0.4 mm (D); 0.3 mm (E).
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VIC & < VI

Figure 12. Megabranchiella longusa sp. nov., larval morphology A foreleg B tarsal claw C tergite V

D abdominal gills I-VII E paraproct and notched scales on surface.
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Figure 13. Megabranchiella longusa sp. nov., larval morphology (SEM) A hindwing pad B forefemur
(dorsal view) C=D setae on dorsal margin of forefemur E spines on dorsal surface of forefemur F tergite

V. Scale bars: 100 um (A, D, F); 400 um (B); 200 um (C); 30 um (E).

setae; ventral margin with a row of fine, simple setae; surface covered with scattered fine
hair-like setae. Tarsal claw (Fig. 12B) with one row of about 16 denticles increasing in
length toward apex, subapical setae absent. Midlegs and hindlegs. As forelegs.
Abdomen (Fig. 11B). Tergites. Posterior margin smooth, posterior marginal spines
extremely reduced to absent (Figs 11C, 12C, 13F), tergal surface with scattered fine,
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Figure 14. Type locality and larval habitats of Megabranchiella gen. nov. A=C type locality and larval habitats
of M. scutulata sp. nov. A Mae Kampong stream, The Royal Project of Teen Tok, Chiang Mai Province B Pong
Phra Baht Waterfall, Chiang Rai Province C fast-flowing water with pebble and cobble habitats (D-F) type
locality and larval habitats of M. longusa sp. nov. D Siribhum waterfall, Chiang Mai Province E Sapan River,
Bor Kluea district, Nan Province F fast-flowing water with boulder, cobble, and pebble habitats.
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Figure 15. Distribution of genus Megabranchiella gen. nov. in Thailand A distribution of M. scutulata
sp. nov. (red triangle) B distribution of M. longusa sp. nov. (blue triangle).

hair-like setae and scattered long translucent scales distally; abdominal sternites with-
out posterior marginal spines, sternal surface with loose scattered, fine, hair-like setae.

Gills (Fig. 12D). Seven pairs of gills present on abdominal tergites I-VII, slender
and elongated; gills I (Fig. 11D) enlarged to covered abdominal sternites II-V, oriented
ventrally, relatively elongated shape with length approximately 2.5x of width, medi-
ally part broad, tracheation extending from main trunk and outer margin, gill margin
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smooth, surface and gill margin without long, fine hair-like setae; gills II-VII oriented
dorsolaterally, slightly oval and slender with length approximately 3.3x of width, gill
margin smooth, surface and gill margin covered with scattered long, fine hair-like setae.

Gonostyli bud (Fig. 11E). Acentrella-type, three-segmented, segment I very short,
0.3 x of segment II length, segment III relatively short and broad, rounded at apex.

Paraproct (Fig. 12E). Margin smooth without marginal spines and without pro-
longation at posterior margin, surface without scale bases, with micropores and fine,
stout, simple setae and scattered fine, hair-like setae, and with a patch of notch scales.

Caudal filaments. Cerci 0.4x of body length, inner margin of cerci with very thin,
long setae; median filament 0.5 x of cerci length, lateral margins with very thin, long setae.

Winged stage. Unknown.

Etymology. The name of the species “longusa” refers to the outline of abdominal
gill I which is elongate- shaped.

Distribution. Northern part of Thailand (Chiang Mai and Nan Provinces)
(Fig. 15).

Ecological notes. The larvae were collected in Siribhum waterfall (Fig. 14D) and
headwater stream (Sapan River River) (Fig. 14E). The sampling sites were located at
high altitudes of 995-1,360 m a.s.l. in forest areas on mountains in the northern part
of Thailand. The waterfall was in the upper stream of the Ping River, and the substrate
types were dominated by boulders, cobbles, pebbles, gravel, and a sand bottom. The
stream was in the Sapan River and located near the resort which can be disturbed by
touristic attractions. The larvae were found on the surface and underside of cobbles in
fast-flowing water (Fig. 14F).

Discussions

Generic affinities

The morphological characters of Megabranchiella gen. nov. clearly confirm that it
belongs to the family Baetidae. These include a Y-shaped epicranial suture reaching
ventrally of the lateral ocelli, relatively long antennae originating anterolaterally on
the head, the developing turbinate eyes of late instar male larvae, a labrum with a
median incision, the shape of the glossa, widen basally, and the shape of the right and
left prostheca of the mandibles. This genus can be assigned to the clade Anteropatel-
lata due to the presence of a patella-tibial suture on the foreleg and referred to Bae-
tofemorata. The taxon Baetofemorata or Baetis/fg8 sensu Kluge & Novikova, 2011
includes the lineages Baetinae and Acentrella/fgl. As other members of this taxon,
Megabranchiella gen. nov. is characterized by a ventral femoral patch (villopore) on
the fore femur of larva.

Despite the presence of this femoral patch, which has been used to assign taxo-
nomic status, the position within Baetofemorata remains unclear. Taxon Acentrella/fgl
is a mayfly group assigned to the Baetofemorata. This taxon is composed of the genera
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Acentrella Bengtsson, 1912, Acerobiella Gattolliat, 2012, Asiobaetodes Gattolliat, 2012,
Jubabaetis Miiller - Liebenau, 1980, Liebebiella, and Platybaetis Miiller-Liebenau, 1980
and Zanzaniops McCafferty & Barber-James, 2005 (Kluge and Novikova 2011). The
Megabranchiella gen. nov. larvae seem intimately related to Acentrella/fgl by the fol-
lowing larval characters: (i) labial palp 2™ segment without large inner-apical pro-
jection, 3" segment widened and rounded; (ii) short body, with ventrally flattened,
thorax enlarged, abdomen diminished; (iii) head hypognathous, shortened or compact
mouthparts; (iv) leg bases widely separated, femur with a row of long, dense setae along
dorsal margin, tibia with a similar setal row; and (v) cerci long, with reduced para-
cercus (Sroka and Arnekleiv 2010; Kluge and Novikova 2011). Therefore, this study
assigned this new genus to Acentrella/fgl Kluge & Novikova, 2011, along with two
closely related genera of Acentrella/fgl: Acentrella (Acentrella/fgl Kluge & Novikova,
2011) and Liebebiella (Liebebiella/gl Kluge & Novikova, 2011).

Megabranchiella gen. nov. has a ventrally flattened body with compact mouthparts,
as in Acentrella (Bengtsson, 1912) and Liebebiella (Waltz & McCafferty, 1987). The
labial palps have a weakly developed inner lobe with a rounded terminal segment. The
maxillary palps are 2-segmented, while the 2™ segment with the apical tip is distinct
in Megabranchiella gen. nov. The hind wing pads are reduced to absent in all genera
(Waltz and McCafferty 1987; Kluge and Novikova 2011). The dorsal margin of the
femur has a regular row of long, dense setae and distinct multiciliate setae in Liebebiella.
The dorsal margin of the tibia has two rows of relatively long, dense, multiciliate
setae in Liebebiella, while it can be present with 1 or 2 rows in Acentrella (Waltz and
McCafferty 1987; Kluge et al. 2013). Megabranchiella gen. nov. has only one row of
regular, long, simple setae on the dorsal margin of the tibia. The preapical tarsal seta is
highly developed in Liebebiella but absent in Acentrella and Megabranchiella gen. nov.
The subapical setae of the tarsal claw show are present in some species of Acentrella
(Waltz and McCafferty, 1987; Kluge et al. 2013) and absent in Megabranchiella gen.
nov. Seven pairs of abdominal gills are present in Acentrella and Liebebiella; these gills
are simple, dorsally oriented, and smooth margined, with scattered fine, hair-like setae.
The genus Megabranchiella gen. nov. can be distinguished from other genera by its gill I
ventrally oriented, enlarged to cover abdominal sternites II-V, and the gill margins are
smooth, with scattered fine, hair-like setae. Gills II-V are dorsally oriented and have
smooth margins with long scattered fine, hair-like setae. The posterior marginal spines
of the abdomen are varied and poorly developed in Acentrella and Megabranchiella gen.
nov. but are distinct in Liebebiella. The gonostyli buds of these genera are of Acentrella
type; the paracercus is reduced or vestigial (Table 2).

Abdominal gill segment |

The gills allow a straightforward identification of the genus: the position of the larval
abdominal gills of Megabranchiella gen. nov., specifically the ventral orientation of
gill I, is an important character. Ventrally oriented gills are also present in the genera
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Table 2. Larval character comparisons of Megabranchiella gen. nov. and related genera.

Characters Acentrella Liebebiella Megabranchiella gen. nov.
Body Body ventrally flattened Body ventrally flattened Body ventrally flattened
Mouthpart Compact, the 2" segment of Compact, the 2" segment of Compact, the 2" segment of labial palp
labial palp with weakly developed | labial palp with weakly developed | with weakly developed inner lobe, the 3%
inner lobe, the 3" segment evenly inner lobe, the 3" segment segment relatively rounded
rounded to slightly truncate rounded, weakly tapered, or
flattened apically
Maxillary palp 2-segmented, terminal segment 2-segmented, terminal segment 2-segmented, terminal segment with
with or without apical tip usually with apical tip apical tip
Hindwing pad Present, reduced or absent Absent Highly reduced
Femur Dorsal margin of femur usually Dorsal margin of femur with Dorsal margin of femur with a regular
with a row of relatively long setae | relatively long, dense multicili- row of long, simple setae
ate setae
Ventral femoral Present Present Present
patch
Tibia Dorsal margin of tibia with 1 or 2 | Dorsal margin of tibia usually | Dorsal margin of tibia with a row of long,
regular rows of long, simple setac | with 1 or 2 rows of dense, long, simple setae
multiciliate setae
Tarsus Without a preapical seta With a preapical seta Without a preapical seta
Tarsal claw Generally without subapical setae Without subapical setae Without subapical setae
(presence in a few species)
Abdominal gills | Usually 7 pairs (8 pairs in A. joosti), | Seven pairs, dorsally oriented; gill | Seven pairs; gill I enlarged to cover ster-
dorsally oriented; gill margin margin smooth with a few scat- | nites II-V, ventrally oriented, gill margin
smooth with a few scattered fine tered fine hair-like setae smooth without dense long fine hair-like
hair-like setae setae; gill II-VII dorsally oriented, gill
margin with dense long fine hair-like setae
Posterior Poorly developed, often spiculate Well developed Reduced to absent

marginal spines

or multidentate

Paracercus Generally reduced (sometimes to | Reduced to a few segments (gen- | Reduced to a few segments (Approxi-
a segment) erally 10-14 segments) mately 12-15 segments)
Distribution Palearctic, Nearctic and Oriental realm Northern Thailand (Chiang Mai, Chiang
Oriental realms Rai and Nan Provinces)
References Waltz and McCafferty (1987); Waltz and McCafferty (1987); Present study

Sroka and Arnekleiv (2010);
Kluge and Novikova (2011)

Kluge and Novikova (2011);
Kluge et al. (2013)

Afrobaetodes (Demoulin, 1970) and Baetodes (Needham & Murphy, 1924), but they
differ from Megabranchiella by the following features: the number of ventrally oriented
gills, the number of rows of denticles on the tarsal claws, and the presence of acces-
sories’ gills (Gattolliat and Sartori 1999). Megabranchiella gen. nov. cannot be assigned
to the same group as these genera. The genus Cymbalcloeon also has ventrally oriented
gills but is defined to a non-Baetovectata taxon, apart from Afrobactodes and Baetodes.
Even though Cymbalcloeon and Megabranchiella have ventrally inserted gills, morpho-
logical characters assign them to different lineages. Cymbalcloeon has strong characters
such as absence of gills on segments I-1V, and modified gills on abdominal segments
V-VII (Suttinun et al. 2020). The genus Asiobaetodes Gattolliat, 2012 also possesses
ventrally oriented gills; moreover this genus belongs to Acentrella/fgl. Megabranchiella
and Asiobaetodes can be easily separated by the position of the gills II to VII and the
presence/absence of a subapical setae on the ventral margin of tarsi (Gattolliat 2012).
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Larval body and movement

The larval body of Megabranchiella gen. nov. was comparable to Acentrella/gl (including
Acentrella and Liebebiella), as the larvae are adapted for inhabitance on stones in rapid
flowing water. Megabranchiella gen. nov. larvae have the same general Acentrella-type
body, which is dorso-ventrally flattened. They have lost the primary siphlonuroid
swimming specialization and lost the ability for normal swimming, similarly to
Acentrella/gl larvae. The legs of Acentrella/gl and Megabranchiella gen. nov. larvae
are widely separated and cannot be stretched backward and pressed to the body. The
abdomen is too short, with relatively long cerci, so the larvae cannot make undulating
movements and cannot serve as a swimming flipper. In the natural conditions, they
do not swim but crawl on the stone surfaces. When the larvae try to swim, they make
poorly effective dorso-ventral movements with the abdomen. They swim upward, then
stop and slowly fall passively, with their legs kept in lateral position, the abdomen bent
dorsally, and the cerci diverging (see Kluge and Novikova 2011 for detailed description
of swimming movements in other genera of Acentrella/gl).

Species diversity of Megabranchiella

Surprisingly, two species of this new genus were found in the northern part of Thai-
land. Megabranchiella scutulata nov. sp. was found in Chiang Mai and Chiang Rai
provinces, while Megabranchiella longusa sp. nov. was collected in Chiang Mai and
Nan provinces. These two Megabranchiella larvae can be separated by the following
diagnostic characters: i) the dorsal pattern of the body; ii) the number of spine-like
setae near the lateral and anterolateral margins of labrum; iii) the number of canines
of the mandible; iv) the shape of the setae on the dorsal margin of the femur; these se-
tae are long, apically rounded, simple in Megabranchiella scutulata nov. sp. while they
are dense long, robust, apically pointed, pectinate in Megabranchiella longusa sp. nov.,
vi) number of denticles of the tarsal claw, and vii) the shape of the abdominal gills,
which are more elongated and slenderer in Megabranchiella longusa sp. nov. (Table 3).

Ecological notes and adaptation

Megabranchiella gen. nov. larvae were found in fast-flowing water in headwater streams
and a waterfall. They live on stone surfaces of cobble and sand microhabitats in shallow
water streams. Their habitat may possibly explain why Megabranchiella larvae have a
ventrally oriented gill I. This feature might be important to Megabranchiella larvae for
adaptation to fast-flowing shallow water streams. It is likely an adaptation to shallow
fast streams as in Afrobaetodes and Baetodes (Gattolliat & Sartori, 1999). Cymbalcloeon,
another genus with a ventral gill insertion, is also found in shallow streams, but occurs
in slow-flowing water. Conceivably, ventral gill insertion could be a useful adaptation
that allows mayflies to survive in shallow streams under various conditions.

The enlarged abdominal gill I is a remarkable morphological adaptation of
Megabranchiella larvae. As in Cymbalcloeon larvae, a single pair of gills is enlarged.
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Table 3. Larval character comparisons of two new species of Megabranchiella gen. nov.

Characters M. scutulata sp. nov. M. longusa sp. nov.
Hindwing pads Highly reduced Highly reduced
Femur Dorsal margin Regular row of long, apically rounded, Regular row of dense long, robust, apically
simple setae pointed, pectinate setae
Number of dorsal 11-13 18-20
setae
Dorsal surface with scattered tiny spines and some long, | with scattered tiny spines and dense long, api-
apically blunt, fine, hair-like setae cally blunt, fine, hair-like setae
Tibia Dorsal margin A regular row of long, apically pointed, A regular row of long, apically pointed,
pectinate setae pectinate setae
Abdominal Gill T Enlarged to covered abdominal sternites | Enlarged to covered abdominal sternites II-V,
gills II-V, oriented ventrally, relatively rhom- oriented ventrally,
bus shape, gill margin smooth relatively rhombus shape, gill margin smooth
Length/width gill T 1.4x 2.5x
Gill II-VII Oriented dorsally, slightly oval, gill Oriented dorsally, slightly oval and slender,
margin smooth, surface and gill margin | gill margin smooth, surface and gill margin
covered with scattered long, fine hair-like | covered with scattered long, fine hair-like setae
setae
Length/width gill 2.1x 3.3x
1I-VIL
Gonostyli bud Acentrella-type, 3-segmented Acentrella-type, 3-segmented,
Terminal Paracercus Reduced to several segments; approxi- Reduced to several segments; approximately
filament mately 0.4x cerci length 0.3x cerci length
Distribution Northern Thailand Northern Thailand
(Chiang Mai and Chiang Rai Provinces) (Chiang Mai and Nan Provinces)

Because of the reductions of abdominal gills I-IV in Cymbalcloeon, this feature might
be used for active respiration in slow-flowing water, whereas Megabranchiella larvae
prefer fast-flowing water. The abdominal gills of mayflies have been revealed to perform
various functions, such as respiration, osmoregulation, locomotion, water circulation,
protection, and attachment (Zhou 2010; Kluge 2004). Why Megabranchiella
larvae have modified their abdominal gill T to expand ventrally is unclear. However,
considering their microhabitat and morphology (tracheation and margin), one
possibility is that gill I can perform a role of attachment in addition to respiration.
In fast-flowing water, the larvae have to maintain a body position that avoids friction
against the stone surface, similar to the function of the adhesive disks of some species
of Rhithrogena Eaton, 1881 and Epeorus Eaton, 1881 (Heptageniidae) (Ditsche-Kuru
etal. 2010; Zhou 2010).

In conclusion, Megabranchiella gen. nov. from Thailand can be assigned to Acen-
trella/gl Kluge & Novikova, 2011 based on the diagnostic morphological characters
of the taxon. However, the complex taxonomy of Acentrella/gl creates difficulties in
deciding the position of this new genus within the clade. Molecular work can resolve
and clarify the taxonomic status according to the evolutionary relationship with Acen-
trella/g1. The ecology and habit of this new genus make its association with Acentrella/
gl quite likely, in view of their similar habitats, behaviors, and morphology. A clearer
picture of the adaptation and modifications of the gill morphological characteristics of
this genus should be studied intensively in future work.
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Abstract

The spider genus Episinus Walckenaer, 1809 currently contains 66 species worldwide, mostly in warm
temperate to tropical areas. This paper describes two new Chinese Episinus species: E. ornithorrhynchus sp.
nov. (39Q) and E. papilionaceous sp. nov. (?). We add these two new and one known Episinus species to
the phylogenetic data matrix of Liu et al. 2016 and reanalyze the data. The new phylogeny recovers the
monophyly of Episinus and supports its division into two groups, a finding also supported by morphology.

Keywords

New species, phylogenetic, taxonomy

Introduction

Currently, the Theridiidae Sundevall, 1833, constitutes one of the largest families of
spider, with 2539 described species in 125 genera distributed worldwide. In China,
there are 380 species of Theridiidae, and they belong to 54 genera (World Spider
Catalog 2022). The theridiid subfamily Spintharinae currently consists of 10 genera:
Brunepisinus Yoshida & Koh, 2011; Chrosiothes Simon, 1894; Episinus Walckenaer

Copyright Fengjie Liu et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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in Latreille, 1809; Monera O. Pickard-Cambridge, 1870; Pycnoepisinus Wunderlich,
2008; Spintharus Hentz, 1850; Thwaitesia O. Pickard-Cambridge, 1881; Stemmops O.
Pickard-Cambridge, 1894; Neopisinus Marques, Buckup & Rodrigues, 2011; Janula
Strand, 1932 (Agnarsson 2004; Arnedo et al. 2004; Marques et al. 2011; Durdn-Bar-
ron et al. 2013; Liu et al. 2016; Vanuytven 2021; Rodrigues et al. 2022).

At present, the genus Episinus has 66 described species and of which only 10 have
been reported in China (World Spider Catalog 2022). More than half of these spe-
cies are widespread and also recorded in the Nearctic, Japan, Europe, and Africa (Levi
1955; Yoshida 1985; Okuma 1994; Zhu 1998; Song et al. 1999). Episinus differs from
other genera of the Spintharinae by the straight shape of the opisthosoma in lateral
view, and in dorsal view with median or posterior humps (Durdn-Barron et al. 2013;
Rodrigues et al. 2022). Rodrigues et al. 2022 provided a phylogenetic framework based
on a morphological analysis, which suggested that Jznula and some species of Episinus
belong to the same group, and the genus Episinus appeared polyphyletic. The genus
Moneta is similar to Episinus, but according to Okuma (1994) can be separated by the
alignment of the eyes, the length ratio of the metatarsus to the tarsus, and the structure
of the male palp. Our phylogenetic results clearly differentiate between these genera
and strongly support the monophyly of the genus Episinus (Fig. 6).

We describe herein two new Episinus species from China, E. ornithorrhynchus sp.
nov. and E. papilionaceous sp. nov. We add these species, as well as E. nubilus Yaginuma,
1960, to the data matrix of Liu et al. (2016) and rerun phylogenetic analyses.

Materials and methods

All specimens were kept in absolute ethanol and examined with an Olympus SZX7
stereomicroscope; details were further investigated with an Olympus BX51 compound
microscope. Male palps and female genitalia were examined and photographed after
dissection from the spider bodies, epigynes were cleared with Proteinase K, and palps
were studied after immersion in KOH; habitus photos were obtained using a Leica
205C digital microscope. Left palps are illustrated. All specimens are deposited at the
Centre for Behavioural Ecology and Evolution, College of Life Sciences, Hubei Uni-
versity, Wuhan, China (CBEE).

Leg measurements are shown as total length (femur, patella, tibia, metatarsus, tar-
sus). The number of spines is listed for each segment in the following order: prolateral,
dorsal, retrolateral, and ventral (in femora and patellae ventral spines are absent, and
the fourth digit is omitted in the spination formula). The terminology used in the text,
figure legends, and palp homologies follow Agnarsson (2004) and Agnarsson et al.
(2007). All measurements are given in millimeters.

Molecular data

We used the dataset from Liu et al. (2016) and added to it E. ornithorrhynchus sp.
nov. and E. papilionaceous sp. nov., as well as E. nubilus Yaginuma, 1960. The final
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dataset includes 62 theridiid genera and two outgroups representing Nesticidae and
Synotaxidae. Sequences for two mitochondrial genes: cytochrome ¢ oxidase subunit I
(COI) and ribosomal RNA16S (16S), and three nuclear genes, ribosomal RNAs 18S
(18S) and 28S (28S) and histone (H3), were collected for the newly added species. The
phylogenetic data collection and analytical methods used conform to Liu et al. (2016).

The appropriate models for the Bayesian analysis were selected with jModelTest2
on XSEDE (2.1.6) (Darriba et al. 2012) using the Akaike information criterion (AIC)
(Posada 2008). Bayesian analysis for morphology was carried out using MrBayes 3.2.7a
on XSEDE (Huelsenbeck and Ronquist 2001) and maximum likelihood with IQ-Tree
stable release 1.6.12 (Chernomor et al. 2016; Nguyen et al. 2015) of individual gene
trees as well as concatenated matrices. All large analyses were run in parallel on the

CIPRES cluster at the San Diego Supercomputing Center (Miller et al. 2010).

Abbreviations used

ALE—anterior lateral eyes, AME—anterior median eyes, Atr—atrium, C—con-
ductor, CD—copulatory duct, CY—cymbium, E—embolus, FD—fertilization
duct, MA—median apophysis, MS—medium septum, PLE—posterior lateral eyes,
PME—posterior median eyes, I-IV—1* to 4™ leg, S—spermathecae, Teg—tegulum,
CBEE—Centre for Behavioural Ecology and Evolution, College of Life Sciences,
Hubei University, Wuhan, China.

Results
Taxonomy

Family Theridiidae Sundevall, 1833

Genus Episinus Walckenaer in Latreille, 1809

Type species. Episinus truncates Latreille, 1809.

Episinus ornithorrhynchus sp. nov.
https://zoobank.org/D15231DB-9F9B-4A5D-A517-40A941EA92B6
Figs 1A-D, 2A-E, 3A, B, 5

Type material. Holotype: &', CHina, Yunnan Province: Mengsong Town, Mengsong
Township Central Primary School, (22°4'12"N, 100°33'36"E, 1340 m alt.), 1 August
2020, Z.C. Li, R. Zhong, W.Z. Deng, W. Zhang, and Y.T. Zhang leg. Paratypes:
1329, same data as holotype; Yunnan Province: 29, Menglun Town, Baka Xiaozhai,
(22°4'12"N, 101°12'0"E, 810 m alt.), 24 July 2020, Z.C. Li, R. Zhong, W.Z. Deng,
W. Zhang, and Y.T. Zhang leg.
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Figure 1. Episinus ornithorrhynchus sp. nov. A, B female habitus A dorsal B ventral C, D epigynum in
alcohol € ventral D dorsal. Abbreviations: Atr—atrium, CD—copulatory duct, FD—fertilization duct,
MS—medium septum, S—spermathecae. Scale bars: 1 mm (A, B); 0.1 mm (C, D).

Diagnosis. Males are similar to E. baoshanensis Liu et al. (2019) but can be dis-
tinguished from them by the palpal structure: 1) embolus extends along the left lower
lateral aspect of the genital bulb to the posterior margins, but the embolus mainly
encircles the left upper lateral and anterior margins of the bulb in E. baoshanensis
(Figs 2C, D, 3A, B); 2) conductor with a sharp tip in ventral view and not bifurcated,
but conductor sclerotized and tip bifurcated in E. baoshanensis (Figs 2C, 3A). Females
are similar to E. nubilus but can be distinguished from them by the direction of the
copulatory duct: fertilization ducts are slightly shorter in the new species, but long and

C-shaped in E. nubilus (Fig. 1D).
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Figure 2. Episinus ornithorrhynchus sp. nov. A, B male habitus A dorsal B ventral C-E palp in alcohol
C prolateral D ventral E retrolateral. Abbreviations: C—conductor, CY—cymbium, E—embolus, MA—
Median apophysis, Teg—tegulum. Scale bars: 1 mm (A, B); 0.1 mm (C-E).

Etymology. The specific name is derived from the Latin adjective ornithorrhynchus,
meaning bird’s beak, referring to the shape of the conductor; adjective.

Description. Male (paratype): total length 3.79; prosoma length 1.60, width
1.39; opisthosoma length 2.19, width 1.67; eye diameters: ALE 0.10, AME 0.10, PLE
0.10, PME 0.10; eye interdistances: AME-AME 0.10, AME-ALE 0.05, PME-PME
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Figure 3. Episinus ornithorrhynchus sp. nov. A, B male palp (previously soaked with KOH) in alcohol.

A prolateral B ventral. Abbreviations: C—conductor, E—embolus, Teg—tegulum. Scale bars: 0.1 mm.

0.10, PME-PLE 0.05; clypeus height 0.24; leg measurements: 1 6.84 (1.83, 0.41,
2.11, 1.78, 0.71), 11 5.04 (1.46, 0.39, 1.14, 1.35, 0.70), III 3.72 (1.11, 0.35, 0.73,
0.96, 0.57), IV 7.76 (2.28, 0.52, 1.70, 2.40, 0.86). Leg formula: IV, L, II, III. Overall,
the color was slightly lighter and as in females (Fig. 2A, B).

Palp (Figs 2C-E, 3A, B). Subtegulum mostly covered by tegulum. Embolus origi-
nates at center of palp, a slightly triangular basement that curves upward clockwise.
Conductor sclerotized, with a sharp tip extending over apex of cymbium.

Female (holotype): total length 4.25; prosoma length 1.70, width 1.49; opistho-
soma length 2.55, width 2.05; eye diameters: ALE 0.10, AME 0.10, PLE 0.10, PME
0.10; eyes interdistances: AME-AME 0.10, AME-ALE 0.06, PME-PME 0.08,
PME-PLE 0.08; clypeus height 0.25; leg measurements: I 7.44 (2.05, 0.61, 1.79,
2.23, 0.76), 11 5.06 (1.52, 0.50, 1.06, 1.30, 0.68), III 3.91 (1.28, 0.33, 0.68, 0.93,
0.69), IV 8.25 (2.36, 0.80, 1.65, 2.46, 0.98). Leg formula: IV, 1, II, III. Carapace
yellowish to reddish brown, with a deep transverse depression. Sternum gray-black,
slightly longer than wide. Femur and tibia to tarsus yellowish white, and distal patella
reddish brown (Fig. 1A, B). Opisthosoma yellowish to orange-brown, with longitudi-
nal white stripes in ventral view, extending posteriorly and short humps on each side.
Opisthosoma dorsally grayish black, with a rectangular dark spot (Fig. 1B).
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Epigyna (Fig. 1C-D). Atria separated by median septum. Spermathecae slightly
oval with two parallel stripes on middle part; fertilization ducts shorter.

Variation. Total length male 3.75-3.79 (n = 2), female 4.10-4.25 (n = 4).

Distribution. China (Yunnan Province) (Fig. 5).

Episinus papilionaceous sp. nov.
https://zoobank.org/83AD0CDA-5904-4EC9-8BB7-5E14133D2CC6
Figs 4A-D, 5

Type material. Holotype: ©, CHINA, Hunan Province: Zhangjiajie City, Badagong
Mountain National Nature Reserve (29°47'24"N, 110°6'0"E, 1395 m alt.), 2 June
2018, EX. Liu and Z.C. Li leg.

Diagnosis. This new species is similar to E. xiushanicus Zhu, 1998 in having a
peach-shaped structure at the posterior part of the epigynal field but can be distin-
guished from them by the following characteristics: 1) abdomen without spinous pro-
cess in ventral view, but the ventral protuberance is spinous in E. xiushanicus (Fig. 4A);
2) spermathecae slightly S-shaped in the new species but W-shaped in E. xiushanicus
(Fig. 4D).

Etymology. The specific name is derived from the Latin adjective papilionaceous,
meaning butterfly-shaped, referring to the shape of the epigynum; adjective.

Description. Male unknown. Female (holotype): total length 4.29. Prosoma
length 1.55, width 1.44; opisthosoma length 2.74, width 2.55; eye diameters:
ALE 0.11, AME 0.11, PLE 0.09, PME 0.09; eye interdistances: AME-AME 0.10,
AME-ALE 0.05, PME-PME 0.15, PME-PLE 0.08; clypeus height 0.50; leg meas-
urements: 1 8.00 (2.48, 0.61, 1.83, 2.47, 0.61), II 5.46 (1.78, 0.41, 1.17, 1.42,
0.68), 1114.77 (1.43, 0.34, 0.76, 1.83, 0.41), IV 8.57 (2.75, 0.69, 2.09, 2.34, 0.70).
Leg formula: IV, I, II, III. Carapace yellowish brown, with two parallel elongate
yellowish-white markings posterior to eyes, and submarginal black markings later-
ally. Posterior median eyes slightly mound-shaped and surrounding area black. Ster-
num grayish yellow, slightly longer than wide. Legs yellow, with brown markings.
Opisthosoma yellowish black, with irregular black stripes in ventral view and ex-
tending posteriorly. Opisthosoma dorsally yellowish black, with tiny white to black
dots (Fig. 4A, B).

Epigyna (Fig. 4C, D). Ventral view wider than long, with a peach-shaped structure at
posterior margin. Copulatory ducts thick and curved. Fertilization ducts arising medially.

Distribution. China (Hunan Province) (Fig. 5).

Phylogenetic analyses

Our phylogeny tree supports the fundamental findings of prior studies, the monophyly
of Theridiidae and seven subfamilies of Theridiidae: Latrodectinae, Pholcommatinae,
Argyrodinae, Hadrotarsinae, Spintharinae, Anelosiminae, and Theridiinae.
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Figure 4. Episinus papilionaceous sp. nov. A, B female habitus A dorsal B ventral C, D epigynum in
alcohol € ventral D dorsal. Abbreviations: Atr—atrium, CD—copulatory duct, FD—fertilization duct,
S—spermathecae. Scale bars: 1 mm (A, B); 0.1 mm (C, D).

From the results (Fig. 6), the Latrodectinae is the earliest branching subfamily.
Pholcommatinae is polyphyletic and redefined by removing Styposis and Phoroncidia
that must be placed in insertae sedis until further data become available. Argyrodinae
is in the same monophyletic group as the Phoroncidia, and these are sisters to
Spintharinae and Hadrotarsinae. Our results strongly support the sister relationship
between Spintharinae and Hadrotarsinae, two specialized groups with most of their
species either building reduced webs or having abandoned web building and hunting
ants as prey. Anelosiminae is recovered as a monophyletic sister to Theridiinae.
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1

Figure 5. Locality records for two species of Episinus: 1 = Episinus ornithorrhynchus sp. nov., 2 = Episinus

papilionaceous sp. nov.

Our results strongly support the monophyly of the subfamily Spintharinae.
We have also found compelling evidence to support the monophyly of the genus
Episinus, although this is weak due to the lack of data for the most-related genera:
Janula, Neopisinus, and Brunepisinus. Regardless, we found evidence for the first
time for the division of the genus Episinus into two groups. The “angulatus” group
to which E. ornithorrhynchus sp. nov., belongs is characterized by the male embolus,
and the “nubilus” group to which E. papilionaceous sp. nov. belongs is characterized
by female atria. These two groups can be clearly diagnosed based on the following
morphological traits: in the “angulatus” group, the male embolus originates at the
center of the palp and is close to the cymbium; in the “nubilus” group, female atria are
separated by a medium septum. Episinus nubilus Yaginuma, 1960, here newly added to
the phylogenetic matrix, was found to be closely related to E. ornithorrhynchus sp. nov.
Our findings suggest that the genus Moneta O. Pickard-Cambridge, 1871 which is
morphologically similar to Episinus, is unrelated to it, but instead related to the genus
Stemmops O. Pickard-Cambridge, 1894. The genus 7hwaitesia O. Pickard-Cambridge,
1881 was recovered as sister to Epsisnus, with strong support (Bayesian PP 97.4%, ML
bootstrap 95%). This is similar to the morphological phylogeny of Durdn-Barron et
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Figure 6. Bayesian analysis of molecular and morphological data of the focal dataset, a matrix excluding
all taxa with over 70% missing data. Numbers on nodes are posterior probabilities; bootstrap support
from ML analyses is indicated: solid stars indicate bootstrap support values >95%, the gray stars > 50—
95%, and nodes with less than 50% support lack stars.

al. (2013) but in stark contrast with the morphological phylogeny of Rodrigues et al.
(2022), which places 7hwaitesia far from Episinus and Moneta. Unlike our study, which
contains both molecular and morphological data, the relationship between the genera
was discussed more from an evolutionary perspective.
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Discussion

Based on the combination of molecular and morphological data, our knowledge of the
phylogeny of Theridiidae is rapidly growing (Agnarsson 2004; Liu et al. 2016). The
phylogeny serves as a useful tool for comparative studies and as a guide to improved
classification. Our phylogeny (Fig. 6) refined that of Liu et al. (2016) by focusing on
the genus Episinus. Our results offer the strongest test of the monophyly of Episinus
to date and indicate that the genus can be clearly divided into two groups, supported
independently by molecular and morphological evidence.

Our results also have implications for the broader phylogeny of Theridiidae in as
much as they differ from Liu et al. (2016). As found previously, the placement of the
“orphan” pholcommatines Styposis and Phoroncidia is unstable across different analy-
ses, with the current results indicating Szyposis is close to Latrodectinae and Phoron-
cidia is close to Argyrodinae. Latrodectinae includes some of the largest species and of
which the genus Steatoda Sundevall, 1833 is polyphyletic. Theridion sangzhiense Zhu,
1998 is here again placed within Pholcommatinae, most likely indicating an error in
species identification of GenBank materials. Different from previous studies, we re-
covered Argyrodinae (plus Phoroncidia) as a sister to Spintharinae plus Hadrotarsinae.
If this group is true, these taxa may be united by extreme reduction or loss of webs.
Importantly, we recovered Audifia as a member of Hadrotarsinae, as expected based on
morphology, but in contrast to Liu et al. (2016). This result indicates the monophyly
of Hadrotarsinae, although this subfamily has strong morphological diversity (includ-
ing two pairs of spermathecae and modifications of spinnerets and palpal claws). The
undisputed sister relationship of Anelosiminae and Theridiinae was again supported.

Our study focuses mainly on the subfamily Spintharinae and confirmed its mono-
phyly. The genera Spintharus, Thwaitesia, and Episinus all tend to build an H-shaped
web with the animal facing downwards and holding onto parts of the web with its
feet, presumably specializing on pedestrian prey such as ants (Agnarsson 2004; Eber-
hard et al. 2008). A close relationship between 7hwaitesia and Epsisnus was proposed
by Durdn-Barron et al. (2013) based on morphology. However, also based on mor-
phology, Rodrigues et al. (2022), found that 7hwaitesia is unrelated to Episinus, and
morphological evidence showed that humps are present on the abdomen in Episinus
but absent in 7hwaitesia. Further evidence for the relationship between 7hwaitesia
and Episinus may come from the structure of the egg sac (Eberhard et al. 2008). Most
theridiid egg sacs have a densely spun outermost layer, while the outermost fibers are
loosely woven in Episinus and Thwaitesia (Agnarsson 2004). However, there are insuf-
ficient data available on egg sacs of other spintharines.

We found support for the monophyly of Episinus and its division into two mor-
phologically well-defined branches. The “angulatus” group includes E. angulatus
(Blackwall, 1836), E. papilionaceous sp. nov., and E. affinis Bésenberg & Strand, 1906.
This group differs from the “nubilus” group, which includes E. nubilus Yaginuma,
1960 and E. ornithorrhynchus sp. nov., in the origin of the male embolus and the ven-
tral view of female epigynal. The “angulatus” group can be characterized by the male
embolus originating closer to the cymbium at the lateral edge of the palp, whereas in
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the “nubilus” group the embolus arises in clockwise direction upward bending in the
middle of the palp. The “angulatus” group presents only one large atrium in the ventral
view of the female epigynal, but the “nubilus” group has two atria separated by the me-
dium septum. The medium septum is a projection in the middle of the atrium and has
a guiding function (Yin et al. 2012). In future studies of Episinus and Spintharinae, it
will be critical to include other spintharine genera, especially those previously included
in Episinus, such as _Janula, Neopisinus, and Brunepisinus.
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Abstract

Triplophysa daryoae, new species, is described from the Sokh River, a former tributary of Syr Darya that
today fails to reach the river, in the Sokh District, an exclave of Uzbekistan, surrounded by Kyrgyzstan.
Triplophysa daryoae is distinguished from other species of Triplophysa in Central Asia by a truncate caudal
fin with 13 or 14 branched rays, body without obvious mottling, dorsal-fin origin opposite to pelvic-fin
insertion, and absence of the posterior chamber of the air bladder. Molecular data suggest that Zriplophysa
daryoae is closely related to 7. ferganaensis from the Shakhimardan stream, a small tributary of Syr Darya
in the Yordon village, another exclave of Uzbekistan in Kyrgyzstan. The two species were separated by a
Kimura 2-parameter genetic distance of 2.8% in the mitochondrial DNA cytochrome ¢ oxidase subunit I
barcode region; they are also distinguished morphologically. A key to the species of Triplophysa in the Syr

Darya basin and adjacent regions is provided.
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Introduction

The genus Triplophysa Rendahl, 1933, comprises approximately 160 species (Fricke
et al. 2022). The genus is widespread in western and central Asian waters, inland
drainages of Balochistan, northwest to western Mongolia, and from the Qinghai-Tibet
Plateau to the Yunnan-Guizhou Plateau in China (Zhu 1989; Wu and Wu 1992;
Prokofiev 2017).

Syr Darya is the longest river in Central Asia and the second largest in volume af-
ter Amu Darya. It originates in the Fergana Valley at the confluence of the Naryn and
Kara Darya, which flow from the Tian Shan Mountains and drain into the Aral Sea
after passing through Uzbekistan, Tajikistan, and Kazakhstan. To date, eight species of
Triplophysa species have been reported from the Syr Darya basin (Berg 1949; Turdakov
1963; Mitrofanov 1989; Sheraliev and Peng 2021a, b). The Fergana Valley is a moun-
tainous region and its fish fauna differs from that of other regions in Uzbekistan.
Triplophysa dorsalis (Kessler, 1872), 1. elegans (Kessler, 1874), 1. ferganaensis Sheraliev
& Peng, 2021, and 7. strauchii (Kessler, 1874) have been recorded from the rivers of
the Fergana Valley (Turdakov 1963; Sheraliev and Peng 2021b). The occurrence of
1 stolickai (Steindachner, 1866) in the Fergana Valley is controversial and requires
additional in-depth taxonomic research (Sheraliev and Peng 2021b; Sheraliev and
Kayumova 2022).

The Sokh River is a tributary of the Syr Darya. It flows through the Sokh exclave
of Uzbekistan, which is surrounded by Kyrgyzstan, and enters the Fergana Region. At
present, the river fails to reach Syr Darya because its water is used for irrigation. The
ichthyofauna of the Sokh River is almost unexplored. Here we report a new species of
loach from the Sokh River.

Materials and methods

Specimen sampling, preservation, and morphological analysis

Handling of specimens was consistent with the Republic of Uzbekistan Animal Wel-
fare Laws (No. 545-126.12.1997; https://lex.uz/docs/-31719), guidelines, and policies
approved by the Southwest University Local Ethics Committee for Animal Experi-
ments. After euthanasia, specimens were fixed in 10% formalin and stored in 70% eth-
anol. The right-side pectoral fin was preserved in 95% ethanol for molecular analysis.
Counts and measurements were performed following the procedures of Kottelat and
Freyhof (2007) and, whenever possible, on the left side of the specimen. Measurements
to the nearest 0.01 mm were acquired using digital calipers and performed point-to-
point rather than based on projections. The nomenclature of the head pores follows
Kottelat (1984). Standard length was measured from the tip of the upper jaw to the
end of the hypural complex, whereas the length of the caudal peduncle was measured
from the base of the last ray of the anal fin to the end of the hypural complex at the
mid-height of the base of the caudal fin. The last two branched rays in the dorsal and
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anal fins articulated on a single pterygiophore and were counted as single rays. Caudal-
fin rays were counted separately in the upper and lower lobes; segmented unbranched
and rudimentary rays were not counted. Cephalic lateral-line pores and gill rakers
(four specimens) were counted under a stereo microscope (Nikon SMZ25, Tokyo,
Japan). Vertebral counts (two specimens), including the four Weberian vertebrae, were
obtained from x-radiographs. The specimens examined in the present study were de-
posited in the collections of the School of Life Sciences, Southwest University (SWU)
in Beibei, Chongqing, China, and the private Bakhtiyor Sheraliev Fish Collection
(BSFC) in Fergana, Uzbekistan.

Data on Triplophysa paradoxa (Turdakov, 1955), 1. ulacholica (Anikin, 1905),
and 7. coniptera (Turdakov, 1954) were obtained from Turdakov (1963), 7. sewer-
zowi (Nikolskii, 1938) from Mitrofanov (1989), 7. dorsonotata (Kessler, 1879) and
1" lacusnigri (Berg, 1928) from Prokofiev (2007), and 7 kungessana (Kessler, 1879)
from Zhao (1984). For Triplophysa species from the Tarim basin, data on 7. laterimacu-
lata Li, Liu & Yang, 2007, 7. papillosolabiata (Kessler, 1879), T. bombifrons (Herzen-
stein, 1888), 1. zamegacephala (Zhao, 1985), 1. moquensis Ding, 1994, T. orientalis
(Herzenstein, 1888), 7. microphysa (Fang, 1935), and 1. incipiens (Herzenstein, 1888)
were obtained from Li et al. (2007). Data on 7. herzensteini (Berg, 1909), T microph-
thalma (Kessler, 1879), 1. kaznakowi Prokofiev, 2004, and 7" waisihani Cao & Zhang,
2008 were obtained from Cao and Zhang (2008). Other species used for comparative
purposes were examined at BSFC, FSU, ICIZ, NWIPB, and SWU.

Abbreviations: CPD, caudal-peduncle depth; CPL, caudal-peduncle length; HL,
head length; K2P, Kimura 2-parameter; SL, standard length.

Collection codes: BSFC, Bakhtiyor Sheraliev Fish Collection, Fergana, Uzbeki-
stan; FSU, Fergana State University, Faculty of Life Sciences, Fergana, Uzbekistan;
ICIZ, Ichthyological Collection of the Institute of Zoology, Academy of Sciences of
Uzbekistan, Tashkent, Uzbekistan; NWIPB, Northwest Institute of Plateau Biology,
Chinese Academy of Sciences, Qinghai, China; SWU, Southwest University, School
of Life Sciences, Chongging, China.

DNA extraction, PCR amplification, and sequencing

DNA was extracted from the right-side pectoral fin using proteinase K digestion fol-
lowed by a standard phenol-chloroform method (Sambrook and Russell 2001). The
mitochondrial cytochrome ¢ oxidase subunit 1 (COI) barcode region (652 bp) was
amplified using primers VF2_t1 (5'-TGT AAA ACG GCC AGT CAA CCA ACC
ACA AAG ACA TTG GCA C-3') and FR1d_tl (5'-CAG GAA ACA GCT ATG
ACA CCT CAG GGT GTC CGA ARA AYC ARA A-3'), as designed by Ivanova et al.
(2007). The PCR assay was performed in a reaction volume of 25 pL containing 10 ng
template DNA, 1 pL each primer, 12.5 uL 2x 7a2g Master Mix (Novoprotein, Guang-
dong, China), and double distilled water. Thermal cycling consisted of an initial step
at 94 °C for 3 min, followed by 35 cycles at 94 °C for 20 s, 54 °C for 45 s, and 72 °C
for 1 min 10 s, and a final extension step at 72 °C for 7 min. The PCR products were
sent to TsingKe Biological Technology Co., Ltd (Chongging, China) for sequencing.
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Phylogenetic reconstruction

The 652 bp COI gene sequence was used for phylogenetic analysis. Molecular analy-
sis was conducted using three new COI sequences (7. daryoae, ; T. elegans, ; and T.
uranoscopus (Kessler, 1872), ), as well as 29 previously published sequences retrieved
from the National Center for Biotechnology Information (NCBI) GenBank (Table 1)
database (https://www.ncbi.nlm.nih.gov). The COI sequences were aligned using the
Clustal_W algorithm in MEGA7 (Kumar et al. 2016), with manual checks for incon-
sistencies. The distances between different groups were determined using MEGA7,
with 1000 bootstrap replicates calculated using the best-selected K2P model. For phy-
logenetic reconstruction, the datasets were analyzed based on Bayesian inference (BI)
using MrBayes ver.3.2 (Ronquist et al. 2012) and maximum likelihood (ML) using
MEGA?7. MrBayes was run with six substitution types (nst = 6), considering a general

Table I. List of mitochondrial COI sequences retrieved from GenBank with information on drainage
and country of origin.

Species Drainage Country GenBank Voucher ID Reference
Accession
No.

Barbatula barbatula Helge Sweden NRM:44850 Norén et al. (2017)
Barbatula toni Yenisey Russia Tuva-38FB Freyhof et al. (2016)
Triplophysa alticeps Qihai Lake China NWIPB1206002 Wang et al. (2016)
Triplophysa anterodorsalis Yangtze China IHB-Tran-001 Shen et al. (2019)
Triplophysa bleckeri Anning China - Lietal. (2016)
Triplophysa bleekeri Daning China - Tang et al. (2013)
Triplophysa chondrostoma Tiangeli China CH3 Lietal. (2017)
Triplophysa chondrostoma Tiangeli China NWIPB1006052 Wang et al. (2016)
Triplophysa daryoae sp. nov. Sokh Uzbekistan SWU540 This study
Triplophysa dorsalis Irtysh China - Lei et al. (2016)
Triplophysa dorsonotata Kegen Kazakhstan Kaz-2-1 Freyhof et al. (2016)
Triplophysa elegans Chirchik Uzbekistan SWU634 This study
Triplophysa ferganaensis Shakhimardan ~ Uzbekistan SWU209 Sheraliev and Peng (2021b)
Triplophysa leptosoma Ganzi China NWIPB1109002 Wang et al. (2016)
Triplophysa leptosoma Heihe China LZUTL12022 Zhang et al. (2017)
Triplophysa markehenensis Sichuan China SCU1010706 Wang et al. (2016)
Triplophysa moquensis Ruoergai China SCU20130901 Wang et al. (2016)
Triplophysa obscura Jialing China GS0629 ‘Wang et al. (2020)
Triplophysa orientalis Tagong China TGS Lietal. (2017)
Triplophysa orientalis - China - Ma and Yang (unpublished)
Triplophysa scleroptera Baijia China IHB201306600 Wang et al. (2016)
Triplophysa sellaefer Juma China IHB20151303 Feng et al. (2019b)
Triplophysa sewerzowi Kegen Kazakhstan Kaz-2-2 Freyhof et al. (2016)
Triplophysa stolickai Zequ China SST-2 Lietal. (2017)
Triplophysa stolickai - China - Lietal. (2013)
Triplophysa stolickai Yangtze China THB-Trst-024 Shen et al. (2019)
Triplophysa strauchii Chirchik Uzbekistan SWU625 Sheraliev and Peng (2021b)
Triplophysa tenuis Dang China THB201307126 Wang et al. (2016)
Triplophysa ulacholica Mulei China IHB201305179 Wang et al. (2016)
Triplophysa uranoscopus Zeravshan Uzbekistan SWU524 This study
Triplophysa wuweiensis Jinchuanxia China IHB201307124 Wang et al. (2016)

Triplophysa xichangensis Anning China IHB201306572 Wang et al. (2016)
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time-reversible model with gamma-distributed rate variation and proportion of invari-
able sites (GTR+G+]) for the COI datasets. For BI analysis, we ran four simultaneous
Monte Carlo Markov chains for 3,000,000 generations, with sampling every 1000
generations. The chain temperature was set as 0.2. Log-likelihood stability was deter-
mined after 10,000 generations, and the first 1000 trees were excluded as burn-in. The
remaining trees were used to compute a 50% majority-rule consensus tree. For ML
analysis, we conducted heuristic searches (1000 runs) also using the GTR+G+I model
(nst = 6). Phylogenetic trees were visualized and edited using FigTree ver.1.4.2 (Ram-
baut 2014). Barbatula barbatula (Linnaeus, 1758), (), and B. foni (Dybowski, 1869)

() were used as outgroup.

Results

Triplophysa daryoae sp. nov.
http://zoobank.org/8CE5BCB5-F671-4270-BFA3-7884DEFOBED7
Figs 1-3

English common name: Sokh stone loach

Uzbek common name: So'x yalangbalig'i

Russian common name: Coxckuii roaert

Holotype. SWU 20211207001, male, 78.5 mm SL; Uzbekistan, Fergana Region,
Sokh District, Sokh River, near Limbur village, an exclave of Uzbekistan surrounded
by Kyrgyzstan, Syr Darya basin, 40°3.1528'N, 71°5.8195'E, altitude 1054 m, Decem-
ber 07, 2021, collected by B. Sheraliev and Y. Kayumova.

Paratypes. SWU 20211207002-011, 10, 49.0-94.0 mm SL; BSFC 0023, 4,
62.1-82.4 mm SL; Uzbekistan, Fergana Region, Sokh District, Sokh River, near the
Limbur village, exclave of Uzbekistan, Syr Darya basin, 40°2.7387'N, 71°6.288'E,
altitude 1054 m, April 12, 2021, collected by Y. Kayumova. BSFC 0024, 3, 74.1—
81.3 mm SL, same data as holotype.

Diagnosis. Triplophysa daryoae is distinguished from congeners by a combination
of characters. It is distinguished from 7 ferganaensis by possessing a truncate caudal fin
with 13-14 branched rays (vs emarginate, 16 rays), 9 pores in the pre-opercular man-
dibula (vs 7-8), and a slenderer body (body depth at dorsal-fin origin 1.4-1.8 times
the HL vs 1.2-1.4). It is distinguished from 7 strauchii by absence of the posterior
chamber of the air bladder (vs developed, with a long tube), possessing 9-10 inner gill
rakers on the first gill arch (vs 12-16), and no obvious skin mottling (vs mottling).
Triplophysa daryoae is also distinguished from 7. dorsalis, T. dorsonotata, and 1. elegans
by having a truncate caudal fin (vs emarginate) and lacking a posterior chamber of
the air bladder (vs developed in 7 dorsalis and 1. elegans). It is distinguished from
1" sewerzowi, T. tenuis, and T. ulacholica by the dorsal-fin origin opposite to the pelvic-
fin insertion (vs anterior to vertical line of pelvic fin origin).

Description. Morphometric data of 7. daryoae are given in Table 2. Dorsal-fin rays
iii, 6(2) or 7(16); anal-fin rays ii, 5; pectoral-fin rays i, 9(1), 10(16), or 11(1); pelvic-fin
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Figure |. Lateral a dorsal b and ventral ¢ views of Triplophysa daryoae, holotype, SWU 20211207001,
male, 78.5 mm SL; Uzbekistan: Sokh River.

rays i, 6; caudal-fin rays, 13—14 (6+7 [5]; 7+7 [13]); vertebrae, 4+35 (IV = 2); gill rakers,
9-10 in the inner row of first gill arch (V= 4). Cephalic lateral-line system, 2 supratem-
poral, 6 supraorbital, 4+10-11 infraorbital, and 9 pre-operculum mandibular pores.
Body elongate; posterior portion gradually compressed from dorsal fin to caudal-
fin origin. Dorsal profile slightly convex from the snout to the insertion of the anterior
dorsal fin (Fig. 1). Deepest point of body slightly anterior to dorsal-fin origin; body
depth at dorsal-fin origin 12.4-15.3% of SL. Head compression, maximum width
always greater than depth; head maximum width 63.2-73.2% of HL. Snout slightly
pointed, length shorter, equal, or slightly longer than postorbital length; snout length
34.9-47.3% of HL. Anterior and posterior nostrils adjacent; anterior nostril as short
tube with elongated barbel-like tip; tip of nostril barbel not reaching the anterior mar-
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o 12 AN AL =/
Figure 2. Dorsal a and ventral b views of the head of Triplophysa daryoae, SWU 20211207001, holo-
type, male, 78.5 mm SL.

gin of eyes. Eyes normal; diameter 12.5-17.1% of HL (Fig. 2). Mouth inferior, gape
arched; mouth width 16.1-24.3% of HL. Rictus situated below the anterior nostril.
Lips thick with furrows and papillae; upper lip pectinate, without medial notch; lower
lip wide, interrupted in middle, with mental lobes and two highly developed ridg-
es. Upper jaw covered by the upper lip; processus dentiformis absent. Three pairs of
barbels: inner rostral barbel reaching rictus, length 19.8-30.2% of HL; outer rostral
barbel reaching anterior margin of eye, length 22.7-42.0% of HL; maxillary barbel
reaching posterior margin of eye, length 22.0-37.4% of HL.

Dorsal fin convex, origin opposite to pelvic-fin insertion, situated slightly posterior
to midpoint between snout tip and caudal-fin base; upper margin slightly convex; sec-
ond branched ray longest; depth of dorsal fin always shorter than lateral head length;
depth 14.9-18.5% of SL. Anal fin short-based, posterior margin convex; length 13.1-
16.7% of SL. Pectoral fins developed; 46.6-61.6% of pectoral-pelvic distance. Tips
of depressed pelvic fins reaching the anus and anus separated from the anal-fin origin
by a short distance. Caudal peduncle compressed laterally; length 2.2-2.9 times the
peduncle depth. Caudal fin truncate, tips rounded; length 86.2-119.9% of caudal-
peduncle length.

Body smooth and scaleless; cephalic lateral-line system well developed. Infraorbi-
tal and supraorbital canals stretching from the outer rostral barbel base and ethmoid,
respectively, uniting in the posterior orbital region and extending posteriorly before
converging with the supratemporal canal on the back of the head, and uniting with the
lateral canal. Complete lateral line ending at caudal-fin base. Intestine moderately long,
with two coils. Stomach U-shaped. Posterior chamber of the air bladder degenerated.

Coloration. Dorsal profile grayish-brown to pale green without regular blotches
in live individuals, and dark gray-brown in preserved specimens. Ventral side of the
body ivory with gray tint. Dorsal side of head with small irregular dark melanophores;
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Figure 3. From top: Triplophysa daryoae, holotype SWU 20211207001, male, 78.5 mm SL, photo-
graphed alive immediately upon capture, Uzbekistan: Sokh River; 7. daryoae, paratype, BSFC 0024,
72.8 mm SL, Uzbekistan: Sokh River; 7. ferganaensis, BSFC 0025, 66.2 mm SL, Uzbekistan: Shahimar-

dan stream; 7. stzrauchii, not preserved, about 110 mm SL, Uzbekistan: Oltiarigsoy stream.

dorsal side of caudal peduncle with four or five irregular dark brown blotches. All fin
membranes hyaline and light gray, without obvious mottling (Figs 1, 3).

Sexual dimorphism. Mature males presenting granular tubercles on each side of
the preorbital region and broadened and thickened external branched pectoral-fin rays
dorsally covered by small and condensed epidermal breeding tubercles. Females with-
out tubercles on the head and pectoral-fin rays.

Distribution and habitat. 7riplophysa daryoae sp. nov. is known only from its type
locality, the Sokh River, which originates in the Alay mountains and Turkestan range
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(Fig. 4). Presently, Sokh River water is primarily used for irrigation and does not reach
Syr Darya. The river is located at an altitude of 700—1500 m and is constantly flow-
ing rapidly; the water is clear and cold (the water temperature was 7.3 °C when the
holotype was caught), and the bottom consists of gravel and stone (Fig. 5). Triplophysa
daryoae cohabited with Cortus spinulosus Kessler, 1872 and Schizothorax eurystomus
Kessler, 1872, which are high-altitude fish species.

Etymology. Triplophysa daryoae is dedicated to Daryo Sheralieva, the lovely daugh-

ter of the first author. The specific name is a noun in the genitive case.

7

Figure 4. Map of the distribution of Triplophysa species in Uzbekistan: 7. daryoae (grey diamond); 7 fer-
ganaensis (orange star); 1. strauchii (black circle); 77 dorsalis (blue pentagon); 7. elegans (yellow rectangle);

and 7 uranoscopus (purple triangle).

Figure 5. Sampling locality of the holotype (SWU 20211207001) of Triplophysa daryoae in the Sokh
River left tributary of the Syr Darya, in Sokh District, the exclave of Uzbekistan, surrounded by Kyr-
gyzstan, photograph taken on December 7, 2021.
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Molecular analysis

COI sequence data (Fig. 6) showed that Zriplopysa daryoae belongs to a group of species
with a wide distribution in the Syr Darya, Tarim, and Ili-Balkhash river drainages, an en-
dorheic basin in Central Asia. This group is defined here as the 7. dorsalis species group, and
our molecular data suggest that it includes 7. chondrostoma (Herzenstein, 1888), 1. dorsalis,
1. dorsonotata, 1. elegans, 1. ferganaensis, 1. sewerzowi, T. strauchii, 1. tenuis (Day, 1877),
and 7. ulacholica. The minimum K2P distances between 7. daryoae and its closest relatives
1. ferganaensis and 1. tenuis were 2.8% and 4.5%, respectively (Table 3). Triplophysa dary-
oae was distinguished from its most closely related congener, 7. ferganaensis, by 18 unique
and diagnostic nucleotide substitution sites in the COI barcode region (652 bp) (Table 4).

84/0.6 [ Triplophysa chondrostoma KU557964
4100/1E Triplophysa sewerzowi KX039659
Triplophysa dorsalis KT241024
Triplophysa ulacholica KT259194
e Triplophysa strauchii MW854336
99/1 — Triplophysa daryoae sp. nov. OK377300

7ﬂ|__L Triplophysa ferganaensis MW 854332
841 | W 6007 Triplophysa tenuis KT224363

_I—_Trlplophysa elegans OK377301
96/1 Triplophysa dorsonotata KX039654
Triplophysa bleekeri JQ686729

Triplophysa scleroptera KT213602
Triplophysa moquensis KT213597

Triplophysa leptosoma KX213692
Triplophysa chondrostoma KT213589
6409 |  Triplophysa stoliczkai KU558119
Triplophysa sellaefer KY851112
gy Lriplophysa stoliczkai Q663847
Triplophysa markehenensis KT213594
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10014 Triplophysa xichangensis KT224366

Triplophysa orientalis KU558037
100/1 [~ Triplophysa bleekeri JX135578

1004 o4/1 | l: Triplophysa anterodorsalis MF123324
L I Triplophysa orientalis KI631323
Triplophysa uranoscopus OK377302

] 96/1 Triplophysa obscura MT271397
| E Triplophysa stoliczkai MF123391
+ Triplophysa wuweiensis KT224365
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Figure 6. Bayesian inference tree based on mitochondrial COI gene sequences of 24 Triplophysa species.
Maximum likelihood and Bayesian inference analyses resulted in congruent trees. Bootstrap and posterior
probability values are shown above nodes on tree if 50% or higher.
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Table 3. The Kimuras 2-parameter distance of mitochondrial COI dataset within Zriplophysa dorsalis

species group based on 1000 bootstrap replications.

1 2 3 4 5 6 7 8 9
1 T chondrostoma
2 T daryoae sp. nov. 0.065
3 T dorsalis 0.003 0.065
4 T dorsonotata 0.081 0.062 0.077
5 T elegans 0.065 0.056 0.062 0.041
6 1. ferganaensis 0.079 0.028 0.079 0.070 0.061
7 T sewerzowi 0.002 0.067 0.005 0.083 0.067 0.081
8 T strauchii 0.074 0.068 0.074 0.081 0.074 0.084 0.075
9 T tenuis 0.073 0.045 0.077 0.065 0.060 0.056 0.075 0.077
10 7 wulacholica 0.053 0.063 0.056 0.062 0.060 0.075 0.055 0.058 0.061

Table 4. Diagnostic nucleotide substitutions in the 652 base pairs long mitochondrial COI barcoding
region of Triplophysa daryoae and its closest two species.

Species Variable Nucleotide Positions*
90 117 120 123 129 153 210 249 255 264 267 270 273 279 288 291 306 315 318 334
1. daryoae G T G A G €C G T A A T A T A T G C A C C
T ferganaensis A T G G G T G T G A C€C A T A T G C G T T
T tenuis G ¢ A G A T A C A G C G C C A A T A G C
Species Variable Nucleotide Positions

375 411 453 462 465 468 471 510 547 558 561 570 582 585 589 603 606 666 678 699

1. daryoae A C C T A A C C T G T G A A T C G T G C
T ferganaensis G T C T A G C€C C T G € A G A C C G A A T
T. tenuis A C T C G A T T C A T G A C C T A T G T

* The nucleotide position number was provided relative to the first nucleotide base of the complete COI gene of

T, tenuis (KT224363).

Discussion

Triplophysa differs from other Nemacheilidae genera by presenting sexual dimorphism
(Zhu 1989). The presence of specific aggregations of breeding tubercles on the dorsal
surfaces of the pectoral fin and from the lower edge of the eye to the base of the outer
barbel in mature males can be regarded as an autapomorphy and is the unique diagnostic
character of Triplophysa (Prokofiev 2010). These tubercles are present in 7" daryoae males.

This study added three species (7. daryoae, 1. elegans, and T uranoscopus) to the
previously published molecular reconstructions (Wang et al. 2016; Feng et al. 2019a;
W et al. 2020). Our phylogenetic analysis was consistent with the results of previ-
ous molecular and morphological studies. Overemphasis on some characteristics with
eco-phenotypic variation, such as body color, color patterns, barbel length, and mouth
structure, when identifying 7riplophysa species may be misleading (Ren et al. 2018).
Therefore, it is advisable to employ a combination of morphological and molecular
approaches to distinguish between loach species (Chen et al. 2021; Sheraliev and Peng
2021b; Deng et al. 2022; Lu et al. 2022).
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Triplophysa dorsalis is recorded from the middle and upper reaches of Kara Dar-
ya, whereas 1. elegans is only recorded from the upper reaches (Baltabaev 1971).
Triplophysa strauchii occurs in all waters of the Fergana Valley, whereas 7. ferganaensis
has only been recorded from its type locality, the Shakhimardan stream (Sheraliev
and Peng 2021b). These species are more similar to 7riplophysa daryoae than to other
congeners. Nevertheless, they can be easily distinguished from the new species based
on morphology.

Triplophysa daryoae can be distinguished from 7. ferganaensis, which is the most simi-
lar species in terms of morphometric characteristics and habitat conditions, using the
following characteristics: caudal fin truncate with 13 or 14 branched rays (vs emargin-
ated with 16 branched rays), 6 branched pelvic-fin rays (vs 7 or 8), 9-11 (modally 10)
branched pectoral-fin rays (vs 11-13, modally 12); cephalic lateral-line system with 6
suborbital and 9 pre-operculo mandibular pores (vs 7 and 7 or 8, respectively), dorsal
and caudal fins almost hyaline, and spots imperceptible (vs spots on dorsal and caudal
fins clearly visible). Zriplophysa daryoae is distinguished from 7. strauchii, which is the
most common species of Triplophysa in the waters of Fergana Valley, by the small number
of vertebrae (4+35 vs 4+37-38); a smaller number of gill rakers in the inner row of the
first gill arch (9 or 10 vs 12-16); absent posterior chamber of air bladder (vs developed,
with a long tube); shorter body depth and width at dorsal-fin origin (12.4-15.3% and
10.8-12.7% of SL vs 19.2-19.9% and 16.7-18.4% of SL, respectively); dorsal-fin ori-
gin equal to pelvic-fin insertion (vs anterior to vertical line of pelvic fin); and upper and
lower lobes of caudal fin equal (vs upper lobe slightly longer than lower lobe). Zriplophysa
daryoae differs from 7" dorsalis and T. elegans, which are rare species in the Fergana Valley,
according to the following characteristics: dorsal-fin origin equal to pelvic-fin insertion
(vs anterior to vertical line of pelvic fin in both); 9 or 10 gill rakers in the inner row of
the first gill arch (vs 13-16 in 7 dorsalis); wider interorbital width (29.5-35.6% of HL
vs 23.9-27.6% of HL in 7. dorsalis); longer pectoral-pelvic distance (30.4-34.2% of
SL vs 24.6-28.7% of SL in 1. dorsalis); shorter dorsal-fin depth (14.9-18.5% of SL vs
19.8-22.8% of SL in 7. dorsalis and 18.9-24.1% of SL in 7. elegans); caudal peduncle
equal to HL (vs usually shorter in 7" dorsalis); caudal-peduncle depth 7.6-9.2% of SL (vs
6.6-7.1% of SL in T elegans); posterior chamber of air bladder degenerated (vs devel-
oped in both); lips thick with furrows (vs smooth lips in 7. dorsalis); and caudal-peduncle
depth 2.2-2.9 times its length (vs 3.2-3.5 times in 7. elegans). Moreover, the genetic
distance between the Triplophysa daryoae T. dorsalis, T elegans, T ferganaensis, and T.
strauchii (6.5%, 5.6%, 2.8%, and 6.8%, respectively), based on the mitochondrial COI
barcoding region, is consistent with the species-level divergence in other fish taxa (Ward
etal. 2005; Rosso et al. 2012; Abdulmalik-Labe and Quilang 2019; Freyhof et al. 2021).

Another ten species of Triplophysa occur in the Syr Darya basin and adjacent area
of the Fergana Valley (Berg 1949; Turdakov 1963; Sheraliev and Peng 2021b). Among
them, 7. tenuis is similar to 7. daryoae in its general body structure, especially in the cau-
dal-fin shape. However, 7" daryoae is distinguished from 7. zenuis by presenting 9-10 gill
rakers in the inner row of the first gill arch (vs 12—15); dorsal fin slightly posterior to the
midpoint between the tip of the snout and caudal-fin origin (vs anterior to the midpoint
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between the tip of the snout and caudal-fin origin); caudal-peduncle depth 7.6-9.2% of
SL (vs 5.2-5.7% of SL), head depth 52.1-60.6% of HL (vs 47.8-51.2% of HL); and
caudal-peduncle depth 2.2-2.9 times its length (vs 4.1-4.3 times). Triplophysa daryoae is
distinguished from 7. paradoxa by the absence of scales (vs covered by scales), dorsal-fin
origin opposite to pelvic-fin insertion (vs anterior to vertical line trough pelvic-fin origin),
and dorsal-fin origin closer to the caudal-fin base than to the snout tip (vs closer to the
snout tip). Triplophysa daryoae is distinguished from 77 ulacholica by the shorter average
caudal-peduncle length (20.8 + 1.11% of SL vs 27.0 + 0.24% of SL), deeper caudal
peduncle (7.6-9.2% of SL vs 4.9-6.8% of SL), caudal-peduncle depth 2.2-2.9 times
its length (vs 4.0-5.3 times), and smaller eye diameter (12.5-17.1% of HL vs 18.5—
23.3% of HL). The new species can be distinguished from 7. coniptera by the rounded
edge of the pectoral fin (vs pointed); caudal fin truncate (vs deeply forked); snout length
7.4-10.0% of SL (vs 10.1-11.8% of SL); caudal-peduncle depth 7.6-9.2% of SL (vs
5.2-7.3% of SL); and caudal-peduncle depth 2.2-2.9 times its length (vs 3.4—4.5 times).
Triplophysa daryoae is distinguished from 77 sewerzowi by the following characteristics:
dorsal-fin origin opposite to pelvic-fin insertion (vs anterior to vertical line of pelvic-fin
origin), second branched ray of dorsal fin the longest (vs third or fourth), and degener-
ated posterior chamber of the air bladder (vs developed). It is also distinguished from 7
dorsonotata by its smaller eye diameter (7.2 times of HL vs approximately 6 times), pre-
dorsal length longer than post-dorsal length (vs pre-dorsal length slightly shorter than
post-dorsal length), cephalic lateral-line system with 6 suborbital pores (vs 7 or 8), and
caudal fin truncate (vs emarginated). The new species can be distinguished from 7. kun-
gessana by its thick lips with furrows and papillae (vs almost thin and smooth, without
clear fringes or papillae) and pelvic fin reaching the anus (vs not reaching the anus). 77i-
plophysa daryoae can be distinguished from 7. herzensteini by having 4+35 vertebrae (vs
4+39—41) and a caudal-peduncle depth 7.6-9.2% of SL (vs 5.9-6.8% of SL). Triplophysa
daryoae can be distinguished from 7. uranoscopus by its caudal-peduncle depth measuring
2.2-2.9 times its length (vs. 2.7—4.1 times); caudal-peduncle depth 7.6-9.2% of SL (vs
5.4-7.0% of SL); dorsal-fin origin opposite to pelvic-fin insertion (vs anterior to vertical
line of pelvic-fin origin). It differs from 77 lacusnigri by a shorter head length (4.3-5.0
times SL vs 3.4—4.5 times SL) and non-oblique head profile in front of the eye (vs strong-
ly oblique); the tip of the pectoral fin is usually formed by 4 branched rays (vs 2 or 3).
Triplophysa dorsonotata, 1. elegans, T. lacusnigri, T. tenuis, and 1. uranoscopus from
different water bodies in Central Asia have long been synonymized with 7. stolickai
due to their morphological resemblance (Berg 1949; Turdakov 1963; Zhu 1989; Wu
and Wu 1992, Prokofiev 2010). We were unable to find 7. stolickai in inland waters
of Uzbekistan (Sheraliev and Peng 2021a). To confirm the existence of 7. stwolickai in
the waters of Uzbekistan, further morphological and genetic taxonomic revisions of
Triplophysa from this region, previously synonymized with 7 stolickai, are required.
However, Feng et al. (2019a) reported that 7. stolickai from the Qinghai-Tibet Plateau
represents an interesting case of morphological convergence and consists of distinct four
lineages that are not closely related. In the phylogenetic tree presented here, 7. stolickai
nested in three lineages with genetic distances (K2P) from 7. daryoae of 6.3%, 6.8%,
and 9.7% (Fig. 6). Despite the high morphological diversity of 7. szolickai, the new spe-
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cies differs from it by its caudal-peduncle depth (7.6-9.2% of SL vs 5.9-7.1% of SL
in Ili River, 5.4-7.3% of SL in Tarim and Indus rivers, and 6.2-6.5% of SL in Yangtze
River); interorbital width being 29.5-35.6% of HL (vs 20.8-26.2% of HL); head depth
at nape 52.1-60.6% of HL (vs 46.1-51.5% of HL in Ili River); caudal-peduncle depth
2.2-2.9 times its length (vs 3.2-3.9 times in Ili River; 2.9—4.6 times in Tarim and Indus
rivers; 3.6-3.8 times in Yangtze River); vertebrae 4+35 (vs 4+38—41); body without
obvious mottling (vs. with mottling); supraorbital sensory canal always connected with
the infraorbital canal (vs usually not connected); and 2 supratemporal pores (vs 3 or 4).

Berg (1905:243) noted that the rivers of the Syr Darya and Tarim basins originate
on a flat marshy plateau in the Tian Shan, where water streams periodically change
their direction and is difficult to distinguish between waters in separate basins. On this
basis, he explained the similarity of ichthyofauna in the highlands of Central Asia (Berg,
1905). Triplophysa daryoae is similar to some species of Triplophysa from the Tarim basin
and adjacent regions, with normal eyes, scaleless body, body color, color patterns, and
slightly laterally compressed caudal peduncle (Li et al. 2007; Cao and Zhang 2008).
However, it can be distinguished from 7. bombifrons, T. laterimaculata, T. moquensis, T.
papillosolabiata, and 1. zamegacephala by the posterior chamber of its air bladder being
degenerated (vs developed); 9 or 10 gill rakers in the inner row of the first gill arch (vs
12-14, 12, 13-15, 1215, and 15-19, respectively); dorsal fin inserted opposite to ver-
tical through pelvic-fin origin (vs dorsal-fin origin anterior to pelvic-fin insertion); pelvic
fin reaching the anus (vs not reaching in 7 kaznakowi); pre-pelvic length 50.7-55.5%
of SL (vs 56.3-60.5% of SL in 7. laterimaculata); caudal-peduncle length 19.1-23.1%
of SL (vs. 28.6-31.3% of SL in 7" bombifrons and 23.3-29.4% of SL in T papillosolabi-
ata); caudal-peduncle depth 7.6-9.2% of SL (vs. 4.5-6.7% of SL in 7" waisihani); and
4+35 vertebrae (vs 4+38-43 in 1. moquensis and 4+39-41 in T waisihani). 1. daryoae
can be distinguished from other 7riplophysa species by the following characteristics: 39
vertebrae (vs 41-47 in 1. orientalis); caudal-peduncle depth 2.2-2.9 times its length (vs
3.3 times in 7. microphysa, and 6.7-8.7 times in 7. incipiens); and posterior chamber of
air bladder degenerate (vs developed in 7. microphthalma).

A Triplophysa dorsalis species group is proposed here based on the molecular data
and phylogenetic reconstruction obtained. The proposed species (see above) have also
been nested in a single clade in previous phylogenetic studies of 7riplophysa (Wang et
al. 2016; Li et al. 2017; Feng et al. 2019a; Wu et al. 2020). However, no unique mor-
phological synapomorphies that diagnose the 7. dorsalis species group have been iden-
tified. In-depth morphological studies may clarify this issue in the future. Regarding
biogeographical distribution, we hypothesize that species such as 7 coniptera (Talas
River), 7. dorsonotara (1li River), 1. herzensteini (Ili River basin), 7. kungessana (Kiines
River), 7" paradoxa (Talas River basin) and 7 salari (Chirchik River) also belong to this
species group. In contrast, 7. uranoscopus, which is widely distributed in the Zeravshan
River, was not nested in this clade (Fig. 6). This result suggests that loaches from Amu
Darya have evolved separately from the 7riplophysa of Syr Darya. A comprehensive
study of this situation by examination of other species of Triplophysa (e.g., T. lacusnigri
and 7. kafirnigani) in the Amu Darya basin may serve as an important key to under-
standing how Triplophysa species have evolved in Central Asia.
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Key to Triplophysa species occurring in the Syr Darya basin and adjacent regions

1

10

11

The posterior chamber of the air bladder developed, clearly visible ............. 2
The posterior chamber of the air bladder degenerated, directly connecting
with the bony capsule ........cocouiiriiiiniiniiicc e 4

The caudal peduncle compressed at the base, its width less than its depth.....
....................................................................... T. dorsalis (Syr darya basin)
The caudal peduncle not compressed at the base, its width greater than or
equal t0 1ts dePth c.cvcviiiiciiiiiice s 3
Branched dorsal-fin rays usually 8, caudal-fin emarginated and upper lobe
longer than lower, maximum body depth fits to the origin of dorsal-fin........
................................... T. strauchii (Balkhash and upper Syr Darya basin)
Branched dorsal-fin rays usually 7, caudal-fin truncate, upper and lower lobes
equal, maximum body depth significantly anterior to the origin of dorsal-fin
...................................... T. ulacholica (Issyk Kul Lake and its tributaries)

Caudal-fIn trUNCATE .vveiievieceieeceeeeeeee e 5
Caudal-fin emarginated or forked .........cccoceeiiinniiiiiiice 7
Standard length not exceeding 100 mm; brush-like agglomerations on the
sides of the head are absent.........ccoeeuvveeennee.n. T. sewerzowi (Ili River basin)
Standard length exceeding 100 mm; brush-like agglomerations on the sides
of the head are Present .......coociveiririciiniecnncncccc e 6
Gill rakers in the inner row on the first gill arch 9-10; caudal peduncle depth
3 times less than its length ...............c.c...... T. daryoae sp. nov. (Sokh River)
Gill rakers in the inner row on the first gill arch 12-15; caudal peduncle
depth 4 times more than its length ...................... T. tenuis (Yarkand River)
Vertebrae number exceeds 40 ........oooviiiiiiiiiiiiiiiieieeee e 8
Vertebrae number does not exceed 40 ........coooviiiviiiiiiiiiiiiiiiieeee e, 11
Branched pectoral-fin rays 10 or more; intestine not too long, with less than
G 100PS .ttt 9

Branched pectoral-fin rays 10 or less; intestine too long, with 10 loops ........
............................................................... T. chondrostoma (Qaidam basin)
Caudal-fin forked; caudal peduncle depth more than 6% of SL................ 10
Caudal-fin emarginated; caudal peduncle depth less than 6% of SL..............
................................................................... T. dorsonotata (1li River basin)
Branched dorsal-fin rays usually 8; cephalic lateral-line system with more

than 14 infraorbital pores ......ccccovvucuennnce. TI. stenura (Yangtze River basin)
Branched dorsal-fin rays usually 7; cephalic lateral-line system with less than
14 infraorbital pores........cccouvveerecrinucenen T. coniptera (Talas River basin)

Caudal peduncle depth more than 8% of SL; 8-9 light-brown irregular
blotches on dorsum and 10-12 dark-grey spots on side ........cccceeinirinnnenee
........................................................ T ferganaensis (Shakhimardan River)
Caudal peduncle depth less than 7% of SL; 6-15 transverse stripes on side
and back and brindle colored.......c...cccvvveunrennn.n. T. elegans (Chirchik River)
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Comparative materials

1" dorsalis: FSU uncatalogued, 6, 56.2-83.5 mm SL; Kara Darya, Andijan Region,
Uzbekistan; ICIZ 2200016, 11, 51.6-88.8 mm SL; Achangaran River, Tashkent
Region, Uzbekistan.

1" elegans: SWU 20190818630-634, 5, 47.9-69.1 mm SL; Chirchik River, Tashkent
Region, Uzbekistan.

1. ferganaensis: SWU 20190813001, holotype, 87.5 mm SL; Shakhimardan stream
in Yordon village, Syr Darya basin, Fergana District, Fergana Region, Uzbekistan.
SWU 20190813002-021, FSU 082019650-654, 25 paratypes, 49.5-109.2 mm
SL; Shakhimardan stream in Yordon village, Syr Darya basin, Fergana District, Fer-
gana Region, Uzbekistan. BSFC 0025, 2, 42.9—-66.2 mm SL; Shakhimardan stream
in Yordon village, Syr Darya basin, Fergana District, Fergana Region, Uzbekistan.

T. stolickai: NWIPB 1305044, 1305046—48, 1305052, 1305056, 1305060, 7, 56.0—
102.5 mm SL; Kashi River, Nilka County, Ili River System, Xinjiang Province,
China. NWIPB 1305111, 1305113-115, 4, 67.6-91.0 mm SL; Kiines River,
Xinyuan County, Ili River System, Xinjiang Province, China. NWIPB 1305131,
1305141-142, 3, 64.0-75.4 mm SL; Tekes River, Tekes County, Ili River Sys-
tem, Xinjiang Province, China. NWIPB 1307006-007, 1307014, 3, 58.3-79.5
mm SL; Zhaqu River, Chindu County, Yangtze River System, Qinghai Province,
China. NWIPB 1407013018, 6, 62.7-84.2 mm SL; Changchuan River, Ru-
tog County, Indus River System, Tibet Autonomous Region, China. NWIPB
1007083, 1, 97.5 mm SL; Yarkand River, Yecheng County, Tarim River System,
Xinjiang Province, China. NWIPB 1007084, 1, 73.9 mm SL; Qaraqash River,
Pishan County, Tarim River System, Xinjiang Province, China.

T strauchii: SWU 20190820642—-644, 3, 74.0-110.5 mm SL; unnamed stream,
Syr Darya River System, Fergana District, Fergana Region, Uzbekistan. SWU
20190809551, 1, 69.5 mm SL; Kara Darya, Andijan Region, Uzbekistan. SWU
20190818617-642, 26, 45.9-98.7 mm SL; Chirchik River, Tashkent Region, Uz-
bekistan. BSFC 0022, 8, 83.6-155.9 mm SL; Great Fergana Canal, Syr Darya
River System, Uzbekistan District, Fergana Region, Uzbekistan.

17 tenuis: NWIPB1250170-174, 5, 83.2-111.2 mm SL; Heihe River, Zhangye city,
Heihe River System, Gansu Province, China.

1" uranoscopus: SWU 20190802503-504, 2, 78.0-80.2 mm SL; Zeravshan River, Sa-
markand Region, Uzbekistan; BSFC 0041, 8, 51.5-96.1 mm SL; Karadarya River,
Zeravshan River System, Oqdaryo District, Samarkand Region, Uzbekistan.
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Abstract

A new mysmenid genus, Chimena gen. nov., is reported from China. Two new species: C. giong sp. nov.
(Hainan, 49, the type species) and C. nantou sp. nov. (Taiwan, Q) are illustrated and described in detail.
A new combination is suggested: Chimena taiwanica (Ono, 2007) comb. nov. (Taiwan, J'Q, transferred
from Mysmena Simon, 1894). The molecular phylogeny and morphological characters were used to dis-

cuss the taxonomy and circumscription of the newly erected genus.

Keywords

Diagnosis, Hainan, mysmenids, new genus, symphytognathoids, Taiwan, taxonomy

Introduction

The spider family Mysmenidae Petrunkevitch, 1928 includes 158 extant species in 14
genera (WSC 2022), making it the second most species-rich spider family of the sym-
phytognathoids. Known species of Mysmenidae are recorded mainly in Asia and South
America (Brescovit and Lopardo 2008; Lin and Li 2008, 2013, 2014, 2016; Miller et
al. 2009; Feng et al. 2019; Li and Lin 2019; Dupérré and Tapia 2020). Lopardo et al.

Copyright Yucheng Lin & Shugiang. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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(2011) suggested that this family is distributed worldwide, and its diversity is grossly
underestimated due to their small size and crypric lifestyle.

In Asia, nearly 50 species of nine genera have been recorded. Simon (1895a, b) first
reported three species from Sri Lanka and the Philippines. Baert (1988) described three
species from Sulawesi, Indonesia. The Vietnamese mysmenids were first reported by Lin
and Li (2014), and three species were recorded. Nearly 40 species from South China
have been described in the past 20 years, more than half of them from Yunnan Province
(Lin and Li 2008, 2013; Miller et al. 2009). However, the extraordinary species diver-
sity of Mysmenidae in China and surrounding areas needs to be further investigated.

The aim of this paper is to expand the knowledge about the species diversity of
Chinese mysmenid spiders by describing a new genus and two new species and propos-
ing one new combination.

Materials and methods

Material

The mysmenid specimens in this study were collected in Taiwan and Hainan, China,
between June 2011 and July 2013. All the specimens were collected by sifting leaf litter
or by hand and stored in 95% ethanol at —20 °C.

Molecular data

We selected seven specimens from two new species and used the prosoma and all of
the legs to extract genomic DNA to amplify COI, H3, 168, 18S, and 28S. DNA was
extracted with the TIANamp Micro DNA Kit (TIANGEN) following the manufac-
turer’s protocol for animal tissues. The five gene fragments were amplified in 25pL
reactions. Primer pairs and PCR protocols are given in Table 1. Raw sequences were
edited and assembled using BioEdit v.7.2.5 (Hall 1999). New sequences from this
study were deposited in GenBank, and the accession numbers are reported in Table 2.
All molecular vouchers and material are stored in the Natural History Museum of Si-
chuan University in Chengdu (NHMSU), China.

We analysed data from 50 species of symphytognathoids including members of
the families Theridiosomatidae Simon, 1881, Mysmenidae, Anapidae Simon, 1895,
and Symphytognathidae Hickman, 1931. We used the MAFFT v.7.450 online server
(https://mafft.cbre.jp/alignment/server/) with default parameters to align the sequenc-
es of Chimena and Chanea species involved in this study. All sequences were concat-
enated in SequenceMatrix v.1.7.8 (Vaidya et al. 2011). PartitionFinder2 (Lanfear et al.
2017) was used to identify the best-fit models of molecular evolution for each locus.
GTR+I+G was selected for COI, H3, 18S, and 28S, and GTR+G was selected for 16S.

We analysed the data using both maximum parsimony (MP) and Bayesian Infer-
ence (BI). The MP tree was constructed using MEGA X (Kumar et al. 2018) with
TBR (Tree-Bisection-Reconnection) branch swapping and 2000 bootstrap replicates
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Table 1. The loci, primer pairs, and PCR protocols used in this study.

Locus
temperature/
time

Annealing Direction

Primer Sequence 5’—3’

Reference

16S 46.45°/30s F 16sb2_12864 CTCCGGTTTGAACTCAGATCA Hormiga et al. 2003
R LR-J-13360 GTAAGGCCTGCTCAATGA Feng et al. 2019
47°/30s F 16S-A CGCCTGTTTATCAAAAACAT Palumbi et al. 1991
R 16S-B CTCCGGTTTGAACTCAGATCA
18S 52.1°/30s F 18s_1F TACCTGGTTGATCCTGCCAGTAG  Giribet et al. 1996
R 18s_1000R GTGGTGCCCTTCCGTCAATT Balczun et al. 2005
28SD2  54.9°/30s F 28sa GACCCGTCTTGAAACACGGA Rix et al. 2008
R LSUR GCTACTACCACCAAGATCTGCA
COI 48.95°/30s F LCO1490 GGTCAACAAATCATAAAGATATTGG  Folmer et al. 1994
R HCO2198 TAAACTTCAGGGTGACCAAAAAATCA
46°/30s F LCO1490  GGTCAACAAATCATAAAGATATTGG  Simon et al. 1994
R COI-Nancy CCCGGTAAAATTAAAATATAAACTTC
H3 48°/30s F H3af ATGGCTCGTACCAAGCAGACVGC  Colgan et al. 1998
R H3ar ATATCCTTRGGCATRATRGTGAC
50°/30s F H3nf ATGGCTCGTACCAAGCAGAC
R H3nr ATRTCCTTGGGCATGATTGTTAC

Table 2. GenBank accession numbers for newly generated DNA sequences.

Species

Identifier 16S 18S 28S COI

H3

Chimena taiwanica
Chimena qiong sp. nov.

Chanea suukyii

Chanea voluta

Chanea sp.
Chanea sp.
Chanea sp.
Chanea sp.
Chanea sp.
Chanea sp.

TWo02
HNO1
HNO02
HNO05

HNO08 -

HNO09

HN10 - -

GlgMY01
GlgMY02
GlgMY03
GlgMY04
GlgMYO05
GlgMY80
GlgMY98
XZ01
XZ02
X703
XZ04
MS_261_MYA
MS_263_MYA -
MS_250_INN
MS_251_INN
INNE02
INNE03

with all other parameters set to default. BI was performed using MrBayes v.3.2.7
(Ronquist et al. 2012) on the Cipres Science Gateway (Miller et al. 2010), with four
Markov Chains (MCMCs) with default heating parameters for 50,000,000 genera-
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tions until the average standard deviation of split frequencies was less than 0.01. The
Markov chains were sampled every 1000 generations, and the first 25% of sampled
trees were burn-in.

Morphological data

Specimens were examined and measured under a Leica M205 C stereomicroscope. Fur-
ther details were examined using an Olympus BX51 compound microscope. Male palps
and epigynes were examined and photographed after dissection. They were treated in
lactic acid for several minutes, and subsequently embedded in Hoyer’s Solution before
photographing. Photos were made with a Canon EOS 60D wide zoom digital camera
(8.5 megapixels) mounted on the Olympus BX51 compound microscope. Images were
combined using Helicon Focus v.3.10 software (Khmelik et al. 2006). All measurements
are in millimetres. Leg measurements are given as follows: total length (femur, patella,
tibia, metatarsus, and tarsus). Abbreviations of institutions and morphological termi-
nology are given in Table 3. References to figures in cited papers are listed in lowercase
(fig. or figs), and figures in this paper are noted with an initial capital (Fig. or Figs).

Table 3. List of abbreviations used in the text or figures.

Morphological terminologies

AER anterior eye row FD fertilization ducts
ALE anterior lateral eyes MN male metatarsal nodule at distal-prolaterally
AME anterior median eyes MS male metatarsal clasping spine
BH basal haematodocha PC paracymbium
CD copulatory ducts PER posterior eye row
CS cheliceral spines rooted at base PLE posterior lateral eyes
CyC cymbial conductor PME posterior median eyes
CyF cymbial fold S spermathecae
CyFs setae on cymbial fold SD spermatic duct
CyP1 process on cymbial conductor Ny scape
CyP2 process on paracymbium St subtegulum
E embolus Ti palpal tibia
Institutions
FRIT Forestry Research Institute of Taipei, Taipei, China
1ZCAS Institute of Zoology, Chinese Academy of Sciences, Beijing, China
NSMT Department of Zoology, National Science Museum, Tokyo, Japan
NHMSU Natural History Museum of Sichuan University, Chengdu, China
Results

Phylogenetic analysis

The topologies from both the MP and BI analyses (Figs 1, 2) showed mysmenids and
theridiosomatids were highly supported as monophyletic in both analyses, although the
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position of theridiosomatids was not consistent between analyses. Symphytognathidae
was rendered polyphyletic by three anapid species. The monophyly of Anapidae is not
strongly supported and is rendered paraphyletic due to the placement of the theridiid
Steatoda borealis (Hentz, 1850). In the BI tree anapids are divided into two highly
supported clades that we refer to as “Anapidae 1”7 and “Anapidae 2” (Fig. 2), but
Anapidae 2 is rendered polyphyletic by the theridiid Steatoda borealis and the linyphiid
Linyphia triangularis (Clerck, 1757).

Symphytognathidae

Anapidae

Theridiosomatidae

Figure I. Tree topology obtained by maximum likelihood. Numbers at nodes are bootstrap values. The
clade of Chimena gen. nov. (yellow) + Chanea is nested within Mysmenidae (blue). Further clades are
Symphytognathidae (green), Anapidae (pink) and Theridiosomatidae (orange).
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Symphytog

Theridiosomatidae
Anapidae 1

Anapidae 2

Figure 2. Bayesian inference tree. Numbers at nodes posterior probabilities. The monophyly of Mys-
menidae (blue), Theridiosomatidae (orange), and Chimena gen. nov. (yellow) are highly supported. Note
the paraphyly of Anapidae (pink) and placement of Steatoda_borealis and Linyphia_triangularis within
“Anapidae 2”; three anapid species (red star) are nested within Symphytognathidae (green).

Taxonomy

Mysmenidae Petrunkevitch, 1928

Chimena gen. nov.

https://zoobank.org//76A8ECIA-6199-4D97-810E-966B5C675A56

Type species. Chimena giong sp. nov.
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Etymology. The generic name is a combination of the first three letters of China
and the latter half of Mysmena. The gender is feminine.

Diagnosis. Chimena gen. nov. differs from other mysmenid genera by the presence
of strong spines on the chelicerae of males (as in some Chinese species of Gaoligonga
Miller, Griswold & Yin, 2009 and Mysmena Miller, Griswold & Yin, 2009; see
fig. 38A in Miller et al. 2009, fig. 8C in Lin and Li 2014, and figs 5E, 6A, 7E in Lin
and Li 2008); a very long embolus spiralling around the bulb at least 5 times; and
the spermathecae near the posterior margin of the epigyne; the copulatory ducts are
highly coiled and extend anteriorly. Chimena gen. nov. is morphologically similar to
Chanea Miller, Griswold & Yin, 2009 in having an extremely coiled embolus (cf. Figs
3A, 5A; figs 49A-B, 51A-B in Miller et al. 2009; figs 3A in Lin and Li 2016) and a
membranous, translucent, wrinkled scape (Figs 4], 6], 7F; fig. 4D in Lin and Li 2016).
Males can be distinguished by the presence of a cymbial process (CyP1, CyP2), which
is absent in Chanea (Figs 3D, 3E, 5B, 5G vs. 49A, 49B in Miller et al. 2009 and figs 2C,
3C in Lin and Li 2016). Females differ by having the spiral rod-shaped spermathecae
close to the posterior margin of the epigyne, versus globular spermathecae located
anteriorly in Chanea, as well as the copulatory ducts not being entwined with the
fertilization ducts [intertwined in Chanea (Figs 41, ], 61, ], 7E-F vs. fig. 49C in Miller
etal. 2009 and fig. 4C-D in Lin and Li 2016)].

Description. Carapace pear-shaped, cephalic part distinctly raised in male; cl-
ypeus slightly concave. Ocular area black, AME black, others white; AER procurved,
PER recurved or straight; ALE adjoined to AME and PLE, AMEs separated by at least
its diameter; further separated in males than in females. Two or three pairs of strong
spines on anterior surface of male chelicerae (Figs 4E, 6E). Labium fused to sternum.
Sternum triangular, slightly plump, posteriorly truncated, light colour anteriorly and
centrally. Each leg segment proximally pale yellow, distally darkish grey. Male with a
mesal clasping spine and a distal, small nodule prolaterally on metatarsus I (Fig. 3C),
female with weakly sclerotized spot on femur I. Abdomen dorsally rounded, surround-
ed by stripe of white pigmentation laterally and posteriorly. Venter black between epi-
gastric furrow and spinnerets (Figs 4B, D, 6B, D, 7B).

Male palp. Tibia swollen, proximally narrow and distally broad, larger number
of long setae on dorsally than ventrally (Figs 3F-G, 5G-H). Cymbium translucent,
encloses ventral and prolateral sides of bulb (Figs 3G, 5E, H). Paracymbium flat, wide,
with a few long setae and a horn-shaped process (CyP2) distally (Figs 3D, F, 5B, D).
Distal part of cymbium extends to form an apical cymbial conductor (CyC), with
horn-shaped or dentoid process (CyP1) attached to lateral margin of cymbial conduc-
tor (Figs 3E, F, 5B-D, G-H). Tegulum flat, without any process or projection (Figs
3E 5D, F). Embolus slender, filiform, elongate, encircles the bulb multiple times, end
extends to apex of cymbial conductor (Figs 3E, 5E, G-H).

Epigyne and vulva. Genital area covered with sparse setae, sclerotized spermathe-
cae faintly visible through tegument (Figs 4H, 6H, 7D). Scape wrinkled, membra-
nous, finger-like, short. Spermathecae rod-shaped, spiral, near epigynal posteromargin,
separated from one another by about their length. Most of copulatory ducts mem-
branous, extending anteriorly, coiled, overlapped with anterior end of spermathecae.
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Fertilization ducts relatively long, wide, originating at distal part of spermathecae,
middle and proximal parts entwined with spermathecae, distal part thins gradually,
inflexed (Figs 41-], 61-], 7E-F).

Composition. Chimena giong sp. nov., C. taiwanica (Ono, 2007) comb. nov., and
C. nantou sp. nov.

Distribution. China (Hainan, Taiwan).

Chimena qiong sp. nov.
https://zoobank.org/BIAAA398-0B07-4F88-8477-643064500729
Figs 3, 4, 8

Type material. Holotype 5 (IZCAS) and paratypes 29 (IZCAS), CumNa: Hainan
Province, Limushan Township, Limushan Natural Reserve, Yinhe Protected Station,
19°12.002'N, 109°43.710'E, 591420 m, 25.111.2012, Z. Chen leg; paratypes 29 (1Z-
CAS), CHINA: Hainan Province, Changjiang Township, Bawangling Natural Reserve, near
the Yaga Convention Centre, 19°04.828'N, 109°07.369'E, 567120 m, 13.1V.2012, Z.
Chen leg.; Paratypes 13 (IZCAS); CHiNA: Hainan Province, Lingshui County, Diaolu-
oshan Natural Reserve, 18°43.505'N, 108°52.104'E, 920 m, 18.V1.2011, Y. Zhou leg.

Etymology. The species epithet, a noun in apposition, refers to ‘qiong’, which is
short for Hainan Province.

Diagnosis. Males and females are similar to Chimena taiwanica comb. nov. in
having a long, coiled embolus and the configuration of the vulva, but they can be dis-
tinguished by having three pairs of cheliceral spines (two pairs in the latter) (Fig. 4E vs.
Fig. 6E) and a horn-shaped process (CyP1) on the cymbial conductor (tooth-shaped
in the latter) (Fig. 3E, G vs. Fig. 5C, H). The female differs from congeners by the
strongly spiralled, longer spermathecae (moderately spiralled in C. miwanica comb.
nov., and shorter in C. nantou sp. nov.) (Fig. 41, J vs. Figs 6L, ], 7E, F).

Description. Male. Habitus as in Fig. 4A, B, E, E Total length 0.63. Carapace
0.23 long, 0.24 wide. Clypeus 0.11 high. Sternum 0.20 long, 0.19 wide. Abdomen
0.45 long, 0.44 wide. Length of legs: I 0.92 (0.29, 0.13, 0.18, 0.14, 0.18); II 0.80
(0.27, 0.09, 0.17, 0.12, 0.15); III 0.60 (0.17, 0.08, 0.12, 0.11, 0.12); IV 0.73 (0.21,
0.08, 0.15, 0.14, 0.15). Carapace pale yellow, black on cephalic area, pear-shaped.
Cephalic area strongly raised. AER procurved, PER straight. Mouthparts pale brown.
Chelicerae bearing 3 pairs of strong spines anteriorly (Fig. 4E). Sternum subtriangular,
slightly plump, pale, anterior-centrally and laterally black, posteriorly truncated. Legs
pale, gradually darkening to grey at each segment distally. Patella with distodorsal seta,
proximal seta on tibia. Mesal clasping spine and distal, small nodule on metatarsus I
(Figs 3C, 4B). Abdominal dorsum rounded, darkish grey, with paired light speckles,
white stripe laterally and posteriorly. Posterior area of epigastric furrow and spinnerets
black. Colulus black, long, tongue shaped.

Palp (Fig. 3A, B, D-G): weakly sclerotized. Femur equal to 2.2x length of patel-
la, patella approximately half of tibial width. Tibia cup-shaped, with dense, long setae
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Figure 3. Chimena giong sp. nov., male A left palpal bulb, retrolateral B palpal bulb, prolateral C distal
segments of right leg I, prolateral D cymbium, apical E cymbium, retrolateral F left palp, retrolateral
G left palp, prolateral. Abbreviations: BH basal haematodocha; CyC cymbial conductor; CyF cymbial
fold; CyFs setae on cymbial fold; CyP1 process on cymbial conductor; CyP2 process on paracymbium;
PC paracymbium; E embolus; MN male metatarsal nodule at distal-prolaterally; MS male metatarsal
clasping spine; SD spermatic duct; St subtegulum; Ti palpal tibia. Scale bars: 0.10 mm.
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7

SRE

Figure 4. Chimena giong sp. nov., male (A, B, E, F) and female (C, D, G-J) A, C habitus, dorsal
B, D habitus, ventral E prosoma, front-lateral, F, G habitus, lateral H epigyne, ventral I vulva, ventral
J vulva, dorsal. Abbreviations: CD copulatory ducts; CS cheliceral spines rooted at base; FD fertilization
ducts; MN male metatarsal nodule at distal-prolaterally; MS male metatarsal clasping spine; S spermathe-
cae; SP scape. Scale bars: 0.50 mm (A-D, F, G); 0.20 mm (E); 0.10 mm (H-J).
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dorsally. Cymbium narrow basally, wrapped around bulb ventrally and retrolaterally;
distal cymbial conductor triangular, lamellar, a sub-distal tooth-shaped process (CyP1) at
medial margin; paracymbium wide, earlobe shaped, bearing a few long setae and a sharp
process (CyP2) distally. CyP1 almost same length as CyP2. Cymbial fold located at base
of CyP1, with a few short setae (CyFs). Tegulum flat, smooth; subtegulum translucent,
inner spermatic duct faintly visible. Embolus very long, filiform, tightly coiled around
entire tegulum at least 10 times, distal end extending to cymbial conductor (CyC).

Female. Habitus as in Fig. 4C, D, G. Total length 0.72. Carapace 0.23 long, 0.25
wide. Clypeus 0.06 high. Sternum 0.19 long, 0.17 wide. Abdomen 0.48 long, 0.43
wide. Length of legs: 1 0.90 (0.28, 0.12, 0.18, 0.15, 0.17); 11 0.82 (0.25, 0.10, 0.18,
0.13, 0.15); II1 0.63 (0.18, 0.09, 0.12, 0.11, 0.13); IV 0.76 (0.22, 0.09, 0.15, 0.14,
0.16). Cephalic area moderately raised, cheliceraec unmodified, femur I with weak scle-
rotized spot; other features as in male.

Epigyne (Fig. 4H-]): genital area bears sparse setae, with central dark speckle.
Scape tongue shaped, protruded, rugose, membranous. Spermathecae long, claviform,
separated by about their length, base near epigynal posterior margin. Copulatory ducts
membranous, translucent, distal part overlapping and convoluted at spermathecae an-
teriorly. Fertilization ducts long, middle and proximal parts entwined with spermathe-
cae, distal part extends horizontally to atrium.

Distribution. China (Hainan) (Fig. 8).

Chimena taiwanica (Ono, 2007) comb. nov.
Figs 5, 6, 8

Mysmena taiwanica Ono, in Ono et al. 2006: 73, figs 8-19 (39).

Type material. Holotype & (FRIT) and paratypes 29 (NSMT), CHINA: southern Tai-
wan, Kaohsiung Hsien, Shanping Work Station of Liukuei Research Center, ca 700 m,
by sifting soil litter in a forest, 9.111.2005, H. Ono leg. Not examined.

Examined materials. 63139 (IZCAS), CHINA: central Taiwan, Nantou Coun-
ty, Ren’ai Township, Xinsheng Village, Huisun Farm, 24°05.279'N, 121°02.078'E,
788 m, 1.VIL.2013, G. Zheng leg.

Diagnosis. Chimena taiwanica comb. nov. is similar to C. giong sp. nov. in hav-
ing strong, modified cheliceral spines in the males (cf. Figs 6E, 4E), a long and multi-
coiled embolus (cf. Figs 5A, 3A), and in females, the similar configuration of the
vulva, as in that of C. nantou sp. nov. (cf. Figs 6], 4], 7F). Males of C. taiwanica can
be distinguished by having 2 pairs of cheliceral spines (3 pairs in C. giong sp. nov.)
(Fig. 6E vs. Fig. 4E and figs 8, 10 in Ono et al. 2006) and a tooth-shaped process
(CyP1) (process horn-shaped in C. giong) (Fig. 5C, H vs. Fig. 3E, G). The female
differs from C. giong sp. nov. by the moderately spiralled, thinner spermathecae ta-
pered at the base (strongly spiralled, thicker and blunt at the base in C. giong sp.
nov.) (Fig. 61, J vs. Fig. 41, ]); and from C. nantou sp. nov. by the longer spermathe-
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Figure 5. Chimena taiwanica (Ono, 2007) comb. nov., male A left palpal bulb, retrolateral B cymbium,
apical € cymbium, dorsal-retrolateral D left palp, apical E left palp, ventral F left palp, dorsal G left palp,
retrolateral H left palp, retrolateral. Abbreviations: Cy cymbium; CyC cymbial conductor; CyF cymbial
fold; CyFs setae on cymbial fold; CT cymbial tooth; CyP2 process on paracymbium; PC paracymbium;
E embolus; SD spermatic duct; St subtegulum; T tegulum; Ti palpal tibia. Scale bars: 0.10 mm.
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Figure 6. Chimena taiwanica (Ono, 2007) comb. nov., male (A, B, E, F) and female (C, D, G-J)
A, C habitus, dorsal B, D habitus, ventral E prosoma, front-lateral F, G habitus, lateral H epigyne, ventral
I vulva, ventral J vulva, dorsal. Abbreviations: CD copulatory ducts; CS cheliceral spines rooted at base;

FD fertilization ducts; MS male metatarsal clasping spine; S spermathecae; SP scape. Scale bars: 0.50 mm
(A-D, F,G); 0.20 mm (E); 0.10 mm (H-J).
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cae narrowed in the middle (shorter and wider at the middle in C. nantou sp. nov.)
(Fig. 61, J vs. Fig. 7E, F).

Description. Male. Habitus as in Fig. 6A, B, E, E Total length 0.65. Carapace
0.24 long, 0.24 wide. Clypeus 0.12 high. Sternum 0.22 long, 0.20 wide. Abdomen
0.43 long, 0.43 wide. Length of legs: I 0.96 (0.30, 0.13, 0.19, 0.14, 0.20); II 0.84
(0.27,0.11, 0.17, 0.13, 0.16); 111 0.62 (0.17, 0.09, 0.12, 0.11, 0.13); IV 0.74 (0.22,
0.09, 0.15, 0.14, 0.16). Features same as in C. giong sp. nov., except for 2 paired spines
on chelicerae and darker body colouration.

Palp (Fig. 5A-H): weakly sclerotized. Femur equal to 2.4x length of patella, pa-
tella about half of tibial width. Tibia cup-shaped in prolateral view, slightly wider than
long, bearing long setae with more dorsally than ventrally. Cymbium constricted ba-
sally, enwrapping bulb ventrally and retrolaterally; distal cymbial conductor (CyC)
triangular, lamellar, tooth-shaped process (CyP1) at medial margin (Fig. 5G). Parac-
ymbium long, with sharp distal process (CyP2), a few long setae (Fig. 5C, G). CyP1
smaller and shorter than CyP2. Cymbial fold at base of CyP1 (Fig. 5B), with a few
short setae (CyFs). Tegulum flat, smooth, button-shaped (Fig. 5D); subtegulum trans-
lucent, spermatic duct faintly visible. Embolus very long, filiform, strongly sclerotized,
tightly coiled around entire tegulum ca 8 times, distal end extended slightly beyond
cymbial conductor (CyC) (Fig. 5G, H).

Female. Habitus as in Fig. 6C, D, G. Total length 0.78. Carapace 0.24 long, 0.22
wide. Clypeus 0.06 high. Sternum 0.24 long, 0.20 wide. Abdomen 0.46 long, 0.44
wide. Length of legs: I 1.00 (0.30, 0.13, 0.20, 0.15, 0.22); I1 0.86 (0.27, 0.12, 0.17,
0.13, 0.18); II1 0.68 (0.18, 0.09, 0.14, 0.14, 0.15); IV 0.78 (0.23, 0.10, 0.16, 0.14,
0.17). Cephalic area lower than in male, chelicerae unmodified, femur I with weak
sclerotized spot; other features as in male.

Epigyne (Fig. 6GH-]): vulval configuration similar to C. giong sp. nov. Spermathe-
cae narrow, proximally base tapering, separated by more than their length.

Distribution. China (Taiwan) (Fig. 8).

Remarks. Although the type specimens of Chimena taiwanica comb. nov. (= Mysmena
taiwanica Ono, 2007) have not been examined for this study, the modified strong spines
on the male chelicerae, the very long, multiply coiled embolus around the bulb, the
paracymbium with two processes (CyP1, CyP2), the shape of epigyne, and the protruded
scape depicted in the original illustrations (see figs 8, 10, 12—15, 18—19 in Ono et al. 20006:
74-76) leave little doubt that our identification is correct. Additionally, the specimens
examined here were also collected from Taiwan, not too far from the type locality.

Chimena nantou sp. nov.
https://zoobank.org/DCD77110-6568-4DBA-9B03-8063C16EBC41
Figs 7, 8

Type material. Holotype @ (IZCAS), CHINA: Taiwan, Nantou County, Ren'ai Township,
Songgang Village, 24°05.222'N, 121°10.335'E, 2067 m, 2.VI.2013, G. Zheng leg.
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Figure 7. Chimena nantou sp. nov., holotype female A habitus, dorsal B habitus, ventral € habitus,
lateral D epigyne, ventral E vulva, ventral F vulva, dorsal. Abbreviations: CD copulatory ducts; FD ferti-
lization ducts; S spermathecae; SP scape. Scale bars: 0.50 mm (A—C); 0.10 mm (D-F).
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Etymology. The new species is named after the type locality; noun in apposition.

Diagnosis. Chimena nantou sp. nov. shares a similar configuration of the vulva
to C. giong sp. nov. and C. taiwanica comb. nov., but differs from the former by the
shorter spermathecae with fewer spirals (longer and with more spirals in C. giong) (cf.
Fig. 7E, F vs. Fig. 41, ]), and from the latter by the more compact spermathecae (elon-
gated in the latter) (cf. Fig. 7E, F vs. Fig. 6L, ).

Description. Female: Habitus as in Fig. 7A-C. Total length 0.75. Carapace
0.25 long, 0.23 wide. Clypeus 0.07 high. Sternum 0.24 long, 0.22 wide. Abdomen
0.45 long, 0.42 wide. Length of legs: 1 0.98 (0.30, 0.13, 0.19, 0.14, 0.22); I1 0.87
(0.27,0.12,0.17,0.14, 0.18); 111 0.66 (0.19, 0.09, 0.14, 0.14, 0.16); IV 0.80 (0.23,
0.10, 0.16, 0.15, 0.18). Somatic features as in female of C. tziwanica comb. nov.

Epigyne (Fig. 7D-F): vulval configuration similar to C. giongsp. nov. and C. taiwanica
comb. nov. Genital area bears sparse setae, without a dark speckle. Spermathecae short,
tapering at distal end and proximal base, separated by ca 1.1x their length. Scape knob
shaped, rugose, membranous. Copulatory ducts translucent. Most of fertilization ducts
intertwined with spermathecae, distal part of fertilization ducts thin, inflected.

Male. Unknown.

Distribution. China (Taiwan) (Fig. 8).

/
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Figure 8. Distribution records of three Chimena spp.: C. giong sp. nov. (red dot), C. miwanica (green
dot) and C. nantou sp. nov. (blue dot).
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Discussion

We tested the phylogenetic and taxonomic position of Chimena gen. nov. based on
molecular data and unique morphological evidence. The results of our analyses indi-
cate that Chimena gen. nov. is highly supported. However, further detailed phyloge-
netic analysis based on more mysmenid specimens will help better place the mysmenid
species and genera.
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Abstract

Three new species of Zetragnatha Latreille, 1804 are described from China: 7 bifurcata Li & Liu, sp. nov.
(39) and T tortilis Li & Liu, sp. nov. (39) from Yunnan Province, and 7. bimaculata 1i & Liu, sp.
nov. (3'9) from Hubei and Hunan provinces. Detailed descriptions, photographs of somatic features and

copulatory organs, and a distribution map of these three species are provided.

Keywords
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Introduction

Tetragnatha Latreille, 1804 is the largest genus of the family Tetragnathidae, currently
comprising 322 species distributed worldwide, of which 51 species are known from
China (Li and Lin 2016; WSC 2022). The Chinese species of Zézragnatha are relatively
well studied by Zhu et al. (2003), who reviewed the Chinese fauna comprising 36 spe-
cies. Since 2003, an additional seven species have been reported from this country (Zhao
and Peng 2010; Barrion et al. 2011, 2013). However, approximately half of the species
recorded or described from China are only known from a single sex (Li and Lin 2016).

While examining specimens collected from the Gaoligong and Wuling mountains,
three new species of Zetragnatha were recognized and are described here.

Copyright Song-lin Li et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Materials and methods

Specimens were collected by beating shrubs and hand picking, and were stored in
75% ethanol. The epigyne were cleaned with trypsin solution before examination and
photography. Left male palps and chelicerae were used for description and photogra-
phy. Specimens were examined and measured with a Leica M205C stereomicroscope.
Photographs were taken with a Kuy Nice E3IS PM digital camera mounted on an
Olympus BX53 compound microscope and focus-stacked images were generated us-
ing Helicon Focus v. 7.6.1 and then modified in Adobe Photoshop CS2. The map
was created by the online mapping software SimpleMappr (Shorthouse 2010). All
measurements are given in millimeters (mm). Leg measurements are given in the fol-
lowing order: total length (femur, patella + tibia, metatarsus, tarsus). All specimens are
deposited in the College of Life Sciences, Hunan Normal University, Changsha City,
China (HNU). The terminology follows Castanheira and Baptista (2020).

Abbreviations used in the text and figures

Eyes:
ALE anterior lateral eye;
AME anterior median eye;

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

PME posterior median eye;
PME-PME distance between PME;
PME-PLE distance between PME and PLE;
MO median ocular quadrangle.

Chelicera:

AXl  auxiliary guide tooth of the lower row of chelicera;

AXu  auxiliary guide tooth of the upper row of chelicera, above Gu;

Ds dorsal spur of chelicera;

Gl guide tooth of the lower row of chelicera;

Gu  guide tooth of the upper row of chelicera;

L2-n teeth on the lower row of chelicera numbered from the distal end after GlI;
OC outer cusp;

rsu  remaining proximal teeth on the upper row of male chelicera after “T7;
sl first major tooth after Gu in the upper row of male chelicera;
T elongated tooth in the upper row of male chelicera;

U2-n teeth on the upper row of chelicera numbered from the distal end after Gu.
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Palps and epigyne:

C conductor; P paracymbium;
E embolus; Sp spermatheca;

F fold; TL translucent lobe;
K knob; Y cymbium.

Taxonomic account

Family Tetragnathidae Menge, 1866
Genus Tetragnatha Latreille, 1804

Type species. Aranea extensa Linnaeus, 1758 from Sweden.

Tetragnatha bifurcata Li & Liu, sp. nov.
https://zoobank.org/27CEAEB3-4814-4DFD-AAB4-745CE7C240A1
Figs 1, 2,7

Type material. Holotype &: CHina, Yunnan Province: Tengchong County, Hougqiao
Township, Zhaobitang Village, 25.5378°N, 98.2094°E, 2480 m, 29.V.2006, X.P.
Wang & P. Hu leg. (Wang060529-1). Paratypes: 233 39 9, same data as holotype
(Wang060529-1); 53, Tengchong County, Houqiao Township, Zhaobitang Village,
25.3986°N, 98.3053°E, 2374 m, 27.V.2006, X.P. Wang & P. Hu leg. (Wang060527-2);
14 19, Lushui County, Luzhang Township, Yaojiaping River 25.9772°N, 98.7109°E,
2527 m, 19.V.2005, D. Kavanaugh et al. leg. (2005-015A).

Etymology. The specific epithet is derived from the Latin adjective bifurcus, refer-
ring to the bifurcate distal end of the conductor.

Diagnosis. The new species resembles 7. rortilis sp. nov. (Figs 5, 6). Males of the
two species are similar in having a tapered dorsal spur on the chelicera, and the con-
ductor with 2 folds, but can be distinguished by: (1) the distal portion of conduc-
tor bifurcated in 77 bifurcata sp. nov. (Fig. 1L) (vs. not bifurcated; Fig. 5K); (2) the
paracymbium with a pointed tip and terminal part located beyond the tegulum in
ventral view (Fig. 1I) (vs. with blunt tip and terminal part located at the middle part
of the tegulum; Fig. 5I). Females of the two species are similar in the shape of the
epigynal fold and the absence of a central membranous sac in the vulva, but can be
distinguished by: (1) the distance between the guide tooth and the second tooth of
the upper row of chelicera slightly longer than the distance between the second tooth
and the third tooth of the upper row of chelicera in 7. bifurcata sp. nov. (Fig. 2E) (vs.
the distance between the guide and the second tooth of the upper row of chelicera 3x



90 Song-lin Lietal. / ZooKeys 1125: 87-101 (2022)

Figure |. Tetragnatha bifurcata sp. nov., holotype & A=C habitus A dorsal view B lateral view C ventral
view D—F left chelicera D upper view E inner view F lower view G, K, L conductor and embolus detail
G dorsal view H-J left palp H prolateral view I ventral view } retrolateral view. Scale bars: 1 mm (A=C);

0.5 mm (D=F); 0.1 mm (G); 0.2 mm (H=J); 0.05 mm (K, L).



Three new species of the genus Zetragnatha ( Tetragnathidae) from China 91

) i A % | T )
Figure 2. Tetragnatha bifurcata sp. nov., paratype @ A—C habitus A dorsal view B lateral view C ventral

view D=F left chelicera D upper view E inner view F lower view G, H female genitalia G epigynal fold,
ventral view H vulva, dorsal view. Scale bars: 1 mm (A=C); 0.5 mm (D=F); 0.2 mm (G, H).
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longer than the distance between the second tooth and the third tooth of the upper
row of chelicera; Fig. 6E); (2) the spherical anterior spermathecae are - 1.5x larger than
the posterior spermathecae (Fig. 2H) (vs. anterior spermathecae oval and ~ 5x larger
than the posterior spermathecae; Fig. 6H).

Description. Male (holotype) (Fig. 1A-F). Total length 3.60. Carapace 1.31 long,
0.92 wide, yellowish brown, fovea and cervical and radial grooves distinct. Eye sizes
and interdistances: AME 0.06, ALE 0.12, PME 0.12, PLE 0.10; AME-AME 0.08,
AME-ALE 0.12, PME-PME 0.12, PME-PLE 0.10. MO anterior width 0.17, poste-
rior width 0.24, length 0.22. Clypeus 0.08 high. Labium dark brown, with thickened
edge. Sternum brown with dark edge. Legs yellowish brown, with sparse spines. Leg
measurements: I, 11.45 (3.12, 3.84, 3.23, 1.26); 11, 8.15 (2.38, 2.72, 2.19, 0.86); 111,
3.73 (1.32, 1.04, 0.91, 0.46); IV, 7.16 (2.42, 2.21, 1.86, 0.67). Chelicera: ~ 1/2 cara-
pace length; dorsal spur tapered, with blunt tip; AX# absent; upper row with 5 teeth:
Gu slightly smaller than U2, U2 almost equal to U3 in size, distance between U2 and
Gu longer than distance between U2 and U3, other teeth decreasing in size gradu-
ally; AX/ absent; lower row with 5 teeth: G/ slightly smaller than 22, L2 largest, other
teeth decreasing in size gradually. Abdomen 2.26 long, 0.72 wide, dorsum yellowish
brown, with 5 pairs of dark spots laterally and brown longitudinal line medially, both
lateral sides with longitudinal dark band throughout entire abdomen; venter yellowish
brown, median band brown.

Palp (Fig. 1G-L). Paracymbium with pointed tip, notch shallow, translucent lobe
elongated, - 1/3 width of paracymbium, knob thumb-shaped. Tegulum oval, - 2x as
wide as long. Conductor with 2 folds, distal portion bifurcated, upper branch thicker
with slightly swollen tip, lower branch thinner with blunt tip. Embolus partly envel-
oped by conductor.

Female (Wang060529-1) (Fig. 2A-F). Total length 4.02. Carapace 1.38 long,
0.91 wide. Eye sizes and interdistances: AME 0.06, ALE 0.06, PME 0.07, PLE 0.07;
AME-AME 0.05, AME-ALE 0.10, PME-PME 0.09, PME-PLE 0.09. MO anterior
width 0.17, posterior width 0.24, length 0.20. Clypeus 0.04 high. Leg measurements:
I, 10.31 (2.85, 3.50, 2.92, 1.04); II, 7.13 (2.13, 2.30, 1.92, 0.78); III, 3.24 (1.09,
0.94, 0.80, 0.41); IV, 6.39 (2.20, 1.98, 1.63, 0.58). Chelicera: AXu absent; upper row
with 5 teeth: Gu slightly smaller than U2, U2 largest, other teeth almost equidistant
and decreasing in size gradually; AX/ absent; lower row with 6 teeth: G/slightly smaller
than L2, L2 largest, other teeth decreasing in size gradually. Abdomen 2.71 long, 0.85
wide, dorsum without dark spots but with dispersed pale spots; venter with pale spots
on both sides. Color paler than that in male.

Epigyne (Fig. 2G, H). Fold - 3x wider than long. Vulva composed of 2 pairs of
spherical spermathecae, diameter of anterior pair ~ 1.5x of posterior pair, anterior pair
spaced by 1 diameter of anterior spermatheca, posterior pair spaced by 3 diameters of
posterior spermatheca. Central membranous sac absent.

Distribution. Known only from the type locality (Fig. 7).
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Tetragnatha bimaculata Li & Liu, sp. nov.
https://zoobank.org/928B67AD-F5F6-47BC-8DEB-CD5B30C282B0
Figs 3, 4, 7

Type material. Holotype : Crina: Hubei Province, Xuanen County: Shadaogou
Township, Yuquan River, 29.7114°N, 109.7278°E, 805 m, 1.V.2016, W. Liu et al.
leg. (HNU-HB-1V-1610). Paratypes: 433 49 9, same data as holotype (HNU-HB-
IV-1610); 14, Sidaoshui Village, 29.6846°N, 109.5791°E, 602 m, 2.V.2016 (HNU-
HB-1V-1611), 63d, Wanzhai Township, Dongping Dam, 30.1470°N, 109.6127°E,
519 m, 4.V.2016 (HNU-HB-IV-1613), W. Liu et al. leg. Hunan Province, Shimen
County, Huping Township: 299, Quanping Village, Zhipeng River, 30.0131°N,
110.5980°E, 611 m, 15.V1.2014 (HPS140615), 29 %, Jinbanshan Village, Yanshan
Road, 30.0066°N, 110.5653°E, 520 m, 13.V1.2014 (HPS140613), 19, Quanping Vil-
lage, 30.0123°N, 110.5432°E, 935 m, 18.V1.2014 (HPS1400618), ].H. Gan et al. leg.

Etymology. The specific epithet is the combination of the prefix 4i- (two) and the
Latin adjective maculatus (with spot), referring to the two dark spots on the posterior
part of the abdomen.

Diagnosis. The males of this new species resemble those of 7. tanigawai Okuma,
1988 (Okuma 1988: fig. 3A-G) in the elongate and curved dorsal spur of chelicera,
the fang with an outer cusp, and the expanded proximal part of the conductor, but can
be distinguished by: (1) the distance between the guide tooth and the second tooth of
the upper row of chelicera almost equal to the distance between the second and third
teeth of the upper row of chelicera in males of 7. bimaculara sp. nov. (Fig. 3D) (vs. the
distance between the guide tooth and the second tooth of the upper row of chelicera
> 3x longer than the distance between the second and third teeth of the upper row of
chelicera; fig. 3A in Okuma [1988]); (2) the conductor is ~ 3x longer than tegulum
(Fig. 3I) with proximal 2/3 expanded (Fig. 3H) (vs. the conductor is - 2x longer than
the tegulum (fig. 3G in Okuma [1988]) with proximal 1/2 part expanded; fig. 3D in
Okuma [1988]); (3) the distal portion of conductor is almost rounded (Fig. 3G, H)
(vs. with notch; fig. 3E, G in Okuma [1988]). The females of this new species resemble
that of 77 esakii Okuma, 1988 (Zhu et al. 2003: fig. 62A-F) in the shape of epigynal
fold, the presence of a pair of spermathecae, and the absence of a central membranous
sac in the vulva, but can be distinguished by the spermathecae that are bean-shaped
and ~ 2x longer than wide in 7 bimaculata sp. nov. (Fig. 4H) (vs. almost claviform and
~ 4x longer than wide; fig. 62F in Zhu et al. [2003]).

Description. Male (holotype) (Fig. 3A—F). Total length 5.85. Carapace 1.59
long, 1.20 wide, yellow, fovea and cervical and radial grooves distinct. Eye sizes and
interdistances: AME 0.11, ALE 0.08, PME 0.08, PLE 0.09; AME-AME 0.10, AME-
ALE 0.17, PME-PME 0.15, PME-PLE 0.15. MO anterior width 0.28, posterior
width 0.30, length 0.29. Clypeus 0.16 high. Labium yellow. Sternum pale yellow.
Legs yellow, with sparse spines. Leg measurements: I, 20.04 (5.24, 6.43, 6.56, 1.81);
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Figure 3. Tetragnatha bimaculata sp. nov., holotype ' A=C habitus A dorsal view B lateral view C ven-
tral view D—F left chelicera D upper view E inner view F lower view G, K, L conductor and embolus
detail H-J left palp H prolateral view I ventral view J retrolateral view. Scale bars: 1 mm (A=C); 0.3 mm
(D=J); 0. 1 mm (K, L).
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Figure 4. Tetragnatha bimaculata sp. nov., paratype § A=C habitus A dorsal view B lateral view C ven-

tral view D—F left chelicera D upper view E inner view F lower view G, H female genitalia G epigynal
fold, ventral view H vulva, dorsal view. Scale bars: 1 mm (A=C); 0.5 mm (D=H).
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II, 14.25 (4.16, 4.69, 4.24, 1.106); 111, 7.53 (2.70, 2.21, 1.99, 0.63); 1V, 12.23 (4.18,
3.80, 3.49, 0.76). Chelicera: almost as long as carapace; dorsal spur elongated, with
pointed and curved tip; AXu present, with blunt tip; upper row with 7 teeth: Gu
largest, distance between U2 and Gu almost equal to distance between U2 and U3,
U2-U4 almost equal in size, other teeth decreasing in size gradually; AX/ present,
thumb-shaped; lower row with 5 teeth: G/ largest, with widened base, other teeth
gradually decreasing in size; fang with an outer cusp at base. Abdomen 4.27 long,
0.94 wide, dorsum pale yellow with serried pale spots and single pair of dark spots
posteriorly; venter pale yellow, with paler spots on both sides.

Palp (Fig. 3G-L). Paracymbium with blunt tip, notch inconspicuous, translucent
lobe elongate, - 1/6 of width of paracymbium, knob with a truncated tip. Tegulum
oval, -~ 2x wider than long. Conductor without fold, proximal 2/3 of conductor ex-
panded dorsally, distal portion twisted and curved towards dorsal side. Embolus com-
pletely enveloped by conductor.

Female (paratype HNU-HB-IV-1610) (Fig. 4A-F). Total length 6.82. Carapace
1.75 long, 1.16 wide. Eye sizes and interdistances: AME 0.10, ALE 0.08, PME 0.09,
PLE 0.10; AME-AME 0.12, AME-ALE 0.16, PME-PME 0.14, PME-PLE 0.15.
MO anterior width 0.27, posterior width 0.28, length 0.28. Clypeus 0.12 high. Leg
measurements: I, 18.40 (4.78, 5.92, 6.07, 1.62); 11, 13.39 (3.83, 4.32, 3.98, 1.26); 111,
6.89(2.35,2.03, 1.87,0.64); IV, 11.77 (4.14, 3.54, 3.34, 0.75). Chelicera: AXu absent;
upper row with 7 teeth: Gz much smaller than U2, U2 largest, other teeth decreasing in
size gradually; AX/ absent; lower row with 6 teeth: G/ largest, other teeth decreasing in
size gradually. Abdomen 5.06 long, 1.7 wide, dark grey, pattern same as in male.

Epigyne (Fig. 4G, H). Fold slightly longer than wide. Vulva with 1 pair of bean-
shaped spermathecae, ~ 2x longer than wide, and spaced by - 5x width. Central mem-
branous sac absent.

Distribution. Known only from the type locality (Fig. 7).

Tetragnatha tortilis Li & Liu, sp. nov.
https://zoobank.org/FD801E2B-0F51-44B4-84A0-C57EF7519B93
Figs 5, 6, 7

Type material. Holotype &: CriNa, Yunnan Province, Tengchong County: Jietou
Township, Datang Village: 25.4277°N, 98.4129°E, 1952 m, 18.V.2006, P. Hu leg.
(Hu060518). Paratypes: 14 19, same data as holotype (Hu060518); 19, 25.7456°N,
98.6963°E, 2030 m, 20.V.20006, X.]. Peng & P. Hu leg. (Peng060520); 184,25.4202°N,
98.4095°E, 1870 m, 17.V.2006 (Peng060517), 243, 25.7456°N, 98.6963°E, 2030 m,
15.V.2006 (Peng060515), 343 299, 25.7572°N, 98.6946°E, 2078 m, 16.V.2006
(Peng060516), 14, 25.4202°N, 98.4095°E, 1878 m, 19.V.2006 (Peng060519), X. J.
Peng et al. leg.; 18, Hougqiao Township: 25.3539°N, 98.2549°E, 1785 m, 28.V.2006
(Wang060528-1), 19, Gaoshidong Village, 25.3986°N, 98.3053°E, 2374 m,
27.V.2006 (Wang060527-2), 399, Zhaobitang Village, 25.5380°N, 98.2094°E,
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2480 m, 29.V.2006 (Wang060529-1), X.P. Wang & P. Hu leg.; 28319, Mingguang
Township: Zizhi Village, Cizhu River, 25.7666°N, 98.6174°E, 2120 m, 21.V.20006,
C.M.Yin & ]J.E Hu leg. (YHY09).

Etymology. The specific epithet is derived from the Latin adjective rorzilis (twist-
ed), referring to the twisted distal end of conductor.

Diagnosis. The new species resembles 7. pinicola L. Koch, 1870 (Zhu et al. 2003:
figs 87A-G, 88A-G; Marusik 2010: fig. 7). Males of the two species are similar in
the presence of an elongated tooth in the upper row of the chelicera in males (7), the
conductor having 2 folds, and the shape of paracymbium, but can be distinguished by:
(1) the dorsal spur of chelicera is straight in ventral view in 7. zorzilis sp. nov. (Fig. 5E)
(vs. distal end curved; fig. 88C in Zhu et al. [2003]); (2) the absence of an auxiliary
guide tooth of the lower row of the chelicera (Fig. 5E, F) (vs. present; fig. 88C in Zhu
etal. [2003]); (3) the distal portion of conductor is twisted and has a small knot (Fig.
5G) (vs. hook-shaped; fig. 7 in Marusik [2010]). Females of the two species are similar
in the presence of 2 pairs of spermathecae and the absence of a central membranous
sac in the vulva, but can be distinguished by the anterior spermathecae 4x larger than
posterior in 7. rortilis sp. nov. (Fig. 6H) (vs. anterior spermathecae ~ 1/2x posterior
spermathecae; fig. 87G in Zhu et al. [2003]). Both sexes of the two species can be dis-
tinguished by the sternum which is yellowish brown and without a stripe in 7. rorzilis
sp. nov. (vs. dark brown with yellow stripe).

Description. Male (holotype) (Fig. 5A-F). Total length 4.97. Carapace 1.72 long,
1.05 wide, yellowish brown, fovea, cervical, and radial grooves distinct. Eye sizes and
interdistances: AME 0.06, ALE 0.07, PME 0.08, PLE 0.09; AME-AME 0.10, AME-
ALE 0.14, PME-PME 0.15, PME-PLE 0.13, MO anterior width 0.24, posterior
width 0.31, length 0.27. Clypeus 0.10 high. Labium brown, with thickened edge.
Sternum yellowish brown with dark edge. Legs yellowish brown, with sparse spines.
Leg measurements: 1, 15.59 (4.04, 5.27, 4.87, 1.41); 11, 9.96 (2.90, 3.10, 2.98, 0.98);
111, 4.46 (1.50, 1.24, 1.12, 0.60); IV, 8.96 (2.93, 2.64, 2.66, 0.73). Chelicera: yellow,
~ 2/3 length of carapace; dorsal spur tapered; AXu absent; upper row with 7 teeth: Gu
curved and almost equal to s/ in size, 7" present, 4 7su decreasing in size gradually; AX/
absent; lower row with 7 teeth: G/ tiny, L2 slightly smaller than £3, L3 largest, all other
teeth smaller than 22 and almost equal in size. Abdomen 3.23 long, 0.85 wide, dor-
sum grayish yellow, dark folium covering almost complete dorsum, with scattered pale
spots and a brown longitudinal line medially, 2 pairs of sigillae; venter grayish yellow,
anterior part with sparse pale spots.

Palp (Fig. 5G-K). Paracymbium with blunt distal end, notch inconspicuous,
translucent lobe elongated, extended to the end, ~ 1/3 of the width of paracymbium,
knob spherical. Tegulum oval, - 2x wider than long. Conductor with 2 folds, distal
portion twisted considerably, and directed to dorsal side. Embolus partially enveloped
by conductor.

Female (paratype Hu060518) (Fig. 6A—F). Total length 5.70. Carapace 1.77 long,
1.24 wide. Eye sizes and interdistances: AME 0.07, ALE 007, PME 0.08, PLE 0.08;
AME-AME 0.10, AME-ALE 0.18, PME-PME 0.12, PME-PLE 0.14. MO anterior
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Figure 5. Tetragnatha tortilis sp. nov., holotype & A=C habitus A dorsal view B lateral view € ventral
view D=F left chelicera D upper view E inner view F lower view G, K conductor and embolus detail
H-) left palp H prolateral view I ventral view ] retrolateral view. Scale bars: 1 mm (A=C); 0.2 mm (D-F,
H-J); 0.1 mm (G, K).
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Figure 6. Tetragnatha tortilis sp. nov., paratype § A—=C habitus A dorsal view B lateral view C ventral
view D—F left chelicera D upper view E inner view F lower view G, H female genitalia G epigynal fold,
ventral view H vulva, dorsal view. Scale bars: 1 mm (A=C); 0.5 mm (D-F); 0.2 mm (G, H).
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Tetragnatha bimaculata sp. nov.
Tetragnatha tortilis sp. nov.

200 300 km

Figure 7. Collection localities for Zetragnatha bifurcata sp. nov., Tetragnatha bimaculata sp. nov., and
Tetragnatha tortilis sp. nov. in China.

width 0.25, posterior width 0.33, length 0.3. Clypeus 0.07 high. Leg measurements:
[, 15.33 (4.21, 5.05, 4.73, 1.34); 11, 9.48 (2.91, 2.94, 2.70, 0.93); 111, 4.4 (1.48, 1.25,
1.00, 0.67); 1V, 8.25 (2.72, 2.50, 2.28, 0.75). Chelicera: AXu absent; upper row with 7
teeth: Gu curved, U2 largest, other teeth decreasing in size gradually; AX/ absent; lower
row with 6 teeth: G/almost equal to L3 in size, L2 largest, other teeth decreasing in size
gradually. Abdomen 3.92 long, 1.32 wide, dorsum pale yellow; venter with pale spots
on both sides; otherwise, remaining pattern same as in male.

Epigyne (Fig. 6G, H). Fold - 3x wider than long. Vulva composed of 2 pairs of
spermathecae, anterior pair larger, oval and almost touched each other, posterior pair
smaller, spherical, and spaced by 3 diameters. Central membranous sac absent.

Distribution. Known only from the type locality (Fig. 7).
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Abstract

Asymmetrical snapping mandibles have evolved several times in termites. In the Neotropics, asymmetrical
snapping mandibles are found in soldiers of four genera: Neocapritermes, Planicapritermes, Cornicaprit-
ermes and Dihoplotermes. Here, 1 describe Schievitermes globicornis, new genus and species, from French
Guiana. This genus is characterized by an absence of a frontal prominence and slightly asymmetrical
mandibles in the soldier caste. The morphology and anatomy of the worker reveal a wood-based diet, and
suggest that Schievitermes, Planicapritermes and Neocapritermes constitute a monophyletic group, which is
consistent with mtDNA data.

Keywords

Isoptera, Neocapritermes, Neotropical region, new species, Planicapritermes, termite

Introduction

Soldiers with snapping mandibles are commonplace in termites, and there is grow-
ing evidence that this defensive device evolved several times in the family Termitidae
(Inward et al. 2007), as well as once in Kalotermitidae (Scheffrahn et al. 2018). When
the soldier presses its mandibles against each other, they accumulate elastic energy,
which is converted into kinetic energy as soon as the mandible shafts slip past each
other, delivering a very quick and powerful strike (Seid et al. 2008). Although termite

Copyright Yves Roisin. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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mandibles always display some degree of asymmetry, some snapping soldiers can be
catalogued as symmetrical because their mandibles both show a similar elongated
shape and can deliver a symmetrical blow (Deligne 1971). In asymmetrical snappers,
the left mandible is bent outwards in its basal part before straightening apically, where-
as the right mandible is almost straight, or slightly bent inwards. When mandibles are
pressed against each other, the curved part of the left mandible functions as a spring,
concentrating elastic energy in preparation for an asymmetrical blow (Deligne 1971).

Snappers are especially diverse in the Oriental region, but several genera are known
from the Neotropics: Zermes (also present in the Old World tropics), Cavitermes,
Palmitermes, Crepititermes and Inquilinitermes are symmetrical snappers, whereas
Neocapritermes, Planicapritermes, Cornicapritermes and Dihoplotermes are asymmetrical
ones (Krishna 1968). Asymmetrical snappers appeared separately in the Old World
(Pericapritermes and related genera), in Madagascar (Capritermes) and in the Neotropics,
where Inward et al. (2007) suggested that they evolved independently twice, once in
Planicapritermes and once in Neocapritermes. Although more recent studies have es-
tablished a close relationship between Planicapritermes and Neocapritermes, forming
the sister clade to the symmetrical snapper Crepititermes (Bourguignon et al. 2017), it
remains that asymmetrical snapping must also have evolved independently in the neo-
tropical Zermes group (Dihoplotermes and probably Cornicapritermes). Bourguignon et
al.’s (2017) study included a taxon from French Guiana provisionally labelled “G683
Neocapritermes sp. H”, which displayed only slightly asymmetrical snapping mandi-
bles and whose mtDNA appeared closer to Planicapritermes than to Neocapritermes.
Reexamination of this sample with more recent collections from French Guiana re-
vealed that this species does not fit into any of the abovementioned genera. I describe it
hereunder as Schievitermes globicornis, gen. nov., sp. nov., and discuss its relationships.

Material and methods

Dissections were made in alcohol. Guts in situ were drawn with a camera lucida.
Detached pieces such as mandibles or enteric valves were directly mounted on micro-
scope slides in PVA medium (BioQuip Products Inc.).

Images of entire specimens are multi-layer compilations obtained with a Zeiss
Discovery V12 steromicroscope equipped with an AxioCam ICc3 camera and con-
trolled by AxioVision release 4.8.3 software. Images are compilations of series of suc-
cessive stepwise focused photographs. Images of microscope slide preparations were
taken with a Leica DFC450C camera mounted on a Leica DM5500B microscope and
operated with Leica Application Suite v.4.12.0 software. Enteric valves and hindgut
wall sections were observed under phase-contrast illumination.

Terminology follows that of Sands (1972) for mandible dentition and that of
Noirot (1995, 2001) for gut anatomy. Measurements, as described in Roonwal (1969),
were taken to the nearest 0.005 mm with a Wild MMS 235 length-measuring set fitted
to a Wild M6 stereomicroscope.
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Taxonomy

Schievitermes gen. nov.

https://zoobank.org/9B8C1A8B-047A-4CEC-A182-0288A0593CF4

Remark. This genus is presently monotypic.

Type species. Schievitermes globicornis sp. nov.

Description. Imago: only known from a single queen. See species description.

Soldier (Figs 1-4): Head capsule (Figs 1-3) subquadrangular with rounded corners,
about twice as long as broad, bearing numerous (-100) setae. Mandibles approximate-
ly as long as head capsule, rather thick, of the snapping type. Right mandible almost
straight, only slightly curved inwards. Left mandible slightly but distinctly sinuous: out-
er margin slightly concave near base, convex in middle, then concave again at level of
contact with right mandible, then curved inwards at tip. Tips of both mandibles hooked,
turned about 60° inwards. Antennae of 13 articles, apical article reaching beyond left
mandible tip; article 3 distinctly globular, as broad as article 1 and broader than all other
articles. Labrum (Fig. 4) with nearly parallel sides, anterior margin sinuous, convex in
middle, bearing a few long bristles, anterior corners rounded. Frons without projection.

Waorker (Figs 5-9, 12—13, 15-17): Monomorphic. Head capsule whitish, bearing
many setae. Mandibles (Fig. 5) of the wood-feeding type. Left mandible: distance be-
tween teeth A-M,  approximarely half the distance M, ,—-M,. M, well-marked, premo-
lar tooth (sensu Deligne 1999) blade-like, molar ridges well developed. Right mandi-
ble: distance between teeth A-M, short, M, well-marked, molar ridges well developed.
Crop moderately developed, gizzard (Figs 6, 7) of the generalized type (Noirot 2001),
cuticular armature limited to small pectinated scales on the pulvilli (Fig. 7). Mixed
segment long, mesenteric tongue bilobate distally (Fig. 8). Ileum (P1) slightly dilated,
narrowing into P2. Enteric valve (P2) funnel-like, conical at end of P1, becoming a
narrow tube at junction with P3. Enteric valve armature (Fig. 9) consisting in two rings
of spine-bearing areas, the proximal one in the conical section of P2, formed by three
ovoid cushions alternating with elongated ones, all bearing small triangular spines; dis-
tal ring within the narrow tubular section, formed by six alternating short and long
cushions bearing thin, curved spines. Paunch (P3) voluminous, with wall bearing nu-
merous small spines, longer in rounded posterior section near entrance of P2 (Fig. 12),
short and often pectinated in anterior section narrowing towards P4 (Fig. 13).

Etymology. From local Brussels dialect schieve = not straight, askew, and Latin
termes = termite. The name refers to the slight grade of asymmetry displayed by
soldier mandibles.

Diagnosis. Soldier: Among neotropical snappers, the absence of a frontal projec-
tion distinguishes Schievitermes from Termes, Inquilinitermes, Cavitermes, Palmitermes,
Dihoplotermes, and Cornicapritermes. Planicapritermes has a characteristic flattened head
capsule and strongly asymmetrical mandibles. Schievitermes differs from Crepititermes by
its thicker mandibles with a slight, but distinct asymmetry, and globular third antennal
article. Neocapritermes species are consistently larger (head width > 1 mm), have more
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Figures 1-3. Schicvitermes globicornis sp. nov.: soldier head | from above 2 from below 3 from left.
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Figures 4-7. Schievitermes globicornis sp. nov.: 4 labrum of soldier 5 worker mandibles, from above

6 gizzard of worker, complete, spread on slide (phase-contrast illumination) 7 gizzard of worker, detail of
pulvillus (phase-contrast illumination).

antennal articles (15-16 vs 13) and their mandible asymmetry is always more pro-
nounced (Krishna and Araujo 1968; Constantino 1991; Bandeira and Cancello 1992).

Worker: Mandibles are of the wood-feeding type, as in Neocapritermes and Plani-
capritermes, with a short space between apical and anterior marginal teeth, and well-
developed molar ridges. Zérmes (with the exception of the wood-feeding species,
1" hispaniolae (Banks, 1918)), Crepititermes, Inquilinitermes, Cavitermes, Palmitermes,
Dihoplotermes and Cornicapritermes have mandibles of the soil feeding type, with a
broad space between apical and anterior marginal teeth, and reduced molar ridges. The
digestive tube of Schievitermes is similar to that of Planicapritermes, but the bilobed
apex of the mesenteric part of the mixed segment is distinctive. Neocapritermes also
possesses two mesenteric lobes, but the mixed segment is shorter and the mesenteric
lobes are larger and more widely separated (Constantino 1998; Almeida-Azevedo et al.
2021). The enteric valve armature of Schievitermes is similar to that of Planicapritermes
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Figure 8. Schievitermes globicornis sp. nov.: camera lucida drawings of worker gut in situ. From left to
right: viewed from above, right, below, left. Mesenteron stippled.

(Figs 10, 11), apart from minor differences in the ornamentation of spiny areas.
Cuticular differentiations within P3 of Schievitermes are intermediate between the long
spines and filaments observed in Neocapritermes (Noirot 2001) and the tiny spines
present in Planicapritermes (Noirot 2001; Fig. 14).

Most workers show signs of dehiscence between metanotum and first abdomi-
nal tergite, ranging from a short slit-like aperture bordered by brown sclerotic marks
(Fig. 15) to a broad opening through which the whole anterior part of the gut pro-
trudes (Figs 16, 17).

Schievitermes globicornis sp. nov.

https://zoobank.org/6D760044-34C4-47E0-8FB9-C3542473928B

Material examined. Holotype: soldier. French Guiana, Petit Saut Dam Road, Carbet
Maman Lézard, 05.0672°N, 52.9992°W, from nest among tree roots, 20.i.2012 (coll.
Y. Roisin — accession G683). Paratypes: soldiers and workers from same colony as
holotype. Worker’s mtDNA sequence deposited in GenBank under label Neocapriz-
ermes sp. H'TB-2017 isolate G683, accession (Bourguignon et al. 2017). From other
colonies than holotype: French Guiana, Laussat (N1 road, PK194), forest on white
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100 pm

Figures 9-14. Proctodeal wall ornaments under phase-contrast illumination 9 Schievitermes globicornis sp.
nov., worker enteric valve, spread on slide 10, 1 | Planicapritermes planiceps (Emerson, 1925), worker enteric
valve, spread on slide; proximal spiny areas and detail of distal spiny ridges, respectively 12, 13 Schicvitermes
globicornis sp. nov., ornamentation of worker paunch wall, in bulbous posterior part and narrower anterior
section, respectively 14 Planicapritermes planiceps, ornamentation of worker paunch wall.

sands, 05.4698°N, 53.5748°W, small nest in rotten stump, with queen, soldiers and
workers, 27.1.2020 (coll. Y. Roisin, N. Fontaine, A. Dumortier — accession G20-12);
Mana Road (D8, PK1-2), forest on white sands, 05.5125°N, 53.5504°W, soldiers and
workers in dead wood on the ground, 27.x.2021 (coll. Y. Roisin, N. Fontaine, ]. Tim-
mermans — accession G21-54). Type material to be deposited in the Royal Belgian
Institute for Natural Sciences, Brussels, Belgium.

Description. Imago (Figs 18-20): caste only known from single queen from colo-
ny G20-12. This individual was physogastric, with partly depigmented eyes indicating
a long underground life. Other body parts were probably of paler pigmentation than
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17

Figures 15-17. Workers of Schievitermes globicornis sp. nov. fixed at various stages of abdominal de-
hiscence 15 linear crack (arrow) behind rear margin of metanotum 16 gut protruding through crack
17 anterior part of the gut completely extruded.
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Figures 18-20. Queen of Schievitermes globicornis sp. nov. 18 head from above 19 oblique view of head

20 pronotum. The three figures are at the same scale.

in swarming alates as well. Head capsule medium brown, postclypeus, pronotum and
other tergites lighter. Antennae broken, 9-11 articles remaining, article 3 narrower and
shorter than 2 and 4. Fontanelle hyaline, ovoid, about 45 pum long by 30 pm wide.
Head capsule regularly rounded behind. Compound eyes medium-sized, ocelli large,
separated from eyes by less than their own width. Pronotum rounded laterally and
posteriorly, with a distinct notch behind. Measurements (in mm; numbers between
brackets refer to list of measurements proposed by Roonwal 1969): Head length to
anterior margin of postclypeus [8]: 0.770; head width, with eyes [17]: 0.810; head
width, between eyes [52]: 0.595; eye maximum diameter [48]: 0.260; ocellus maxi-
mum diameter [55]: 0.115; ocellus-eye distance [57]: 0.035; pronotum length [65]:
0.425; pronotum width [68]: 0.635; hind tibia length [85]: 0.820.

Soldier (Figs 1-4): Head capsule yellow-brown. Mandibles black, turning brown
near base. Antennae yellow-brown. Tibial spurs 3:2:2, anterior spur of fore leg about
half the length of the other two.

Measurements of 10 soldiers from three colonies (in mm; numbers between brack-
ets refer to list of measurements proposed by Roonwal 1969): Total head length, includ-
ing mandibles (held straight forward in measured individuals) [4]: 2.535-2.775; length
of head to lateral base of mandibles [5]: 1.320-1.470; head width [17]: 0.700-0.755;
length of left mandible [37]: 1.255-1.330; length of right mandible [37]: 1.205-1.295;
length of postmentum along median line [61]: 0.800-0.930; maximum width of post-
mentum [62]: 0.235-0.280; minimum width of postmentum [63]: 0.145-0.175;
pronotum width [68]: 0.470-0.510; length of hind tibia [85]: 0.575-0.635.
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Worker (Figs 5-9, 12-13, 15-17): Antennae of 13 articles. Tibial spurs 2:2:2.
Head width of 20 workers from three colonies: 0.640—-0.700 mm.

Etymology. from Latin globus = globe, sphere, and cornu = horn, antenna; the
specific epithet refers to the globular shape of the third antennal article of the soldier.

Discussion

Morphologically, Schievitermes appears closest to either Planicapritermes or Neocapri-
termes. The three genera share asymmetrical snapping mandibles and absence of a
frontal projection in the soldier, and worker mandibles revealing wood- or soil-wood
interface-feeding habits. Schievitermes soldier head and mandible shape appears plesio-
morphic with respect to the conspicuously asymmetrical mandibles of Planicapritermes
and Neocapritermes, and the flattened head and body of the former. In the work-
er, Schievitermes is very similar to Planicapritermes by its long mixed segment, but
the mesenteric lobes at the end of the mixed segment appear intermediate between
Planicapritermes and Neocapritermes. The well-separated lobes of Neocapritermes prob-
ably represent a derived condition, but the partially bilobed mesenteric tongue of
Schievitermes might be plesiomorphic, as it appears similar to the condition observed
in Microcerotermes (Roisin and Pasteels 2000). The enteric valve armature is also very
similar in Schievitermes and Planicapritermes, whereas distal cushions in Neocapritermes
species are swollen and heavily armed with spines, which probably constitutes a de-
rived trait. The three genera share the presence of numerous spines on the internal
wall of P3, although this armature is more complex and comprises longer spines in
Neocapritermes (Noirot 2001).

Complete mitochondrial DNA sequences have now confirmed the close rela-
tionship between Neocapritermes and Planicapritermes (Bourguignon et al. 2017), as
proposed by earlier authors (Krishna 1968; Constantino 1998) but in contrast with
the preferred tree of Inward et al. (2007), in which Planicapritermes joined a mor-
phologically and zoogeographically improbable lineage including Orthognathotermes
and Globitermes; however, several nodes among the Termitinae were weakly supported,
and Inward et al. (2007) did not discard the possible monophyly of Neocapritermes +
Planicapritermes. This new genus Schievitermes clearly belongs in the Neocapritermes +
Planicapritermes clade, in which it seems to come closer to Planicapritermes in accord-
ance with morphological and anatomical characters.
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Abstract

Two new insular rock geckos in the genus Cremaspis are described from Ko Samui in Surat Thani Province
and Ko Similan in Phang-nga Province, southern Thailand, based on a combination of morphological and
mitochondrial NADH dehydrogenase subunit 2 (ND2) data. Both new species represent divergent line-
ages within the Cremaspis siamensis species group. Cnemaspis samui sp. nov. is distinguished from other
species in the group by having eight or nine supralabial and infralabial scales; 5-8 pore-bearing precloa-
cal scales in males, pores rounded; 2527 paravertebral tubercles, arranged randomly; 22-25 subdigital
lamellae under 4% toe; enlarged median subcaudal scale row present; gular region, abdomen, limbs and
subcaudal region yellowish only in males, and uncorrected pairwise divergences of 8.86-26.83% from all
other species in the C. siamensis species group. Cnemaspis similan sp. nov. is distinguished from other spe-
cies in the group by having eight or nine supralabial and seven or eight infralabial scales; one pore-bearing
precloacal scale in males, pore rounded; 24 or 25 paravertebral tubercles, arranged randomly; 23 or 24
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subdigital lamellae under 4" toe; no enlarged median subcaudal scale row; pale yellow reticulum on head,
neck, flanks, belly and limbs in male only, and uncorrected pairwise divergences of 9.34-27.11% from
all other species in the C. siamensis species group. Cnemaspis samui sp. nov. is found along granitic rocky
stream outcrops of Hin Lad Waterfall, Ko Samui, Gulf of Thailand, while Cnemaspis similan sp. nov. oc-
curs in granitic rocky outcrops near Ao Nguang Chang Bay, Ko Similan, Andaman Sea. The phylogenetic
analyses confirmed that C. chanardi and C. kamolnorranathi are also nested within the C. siamensis species

group, as previously hypothesized from morphology and color pattern characters.

Keywords
Cnemaspis, integrative taxonomy, Island, phylogeny, Thailand

Introduction

The rock gecko genus Cnemaspis Strauch, 1887 is one of the most diverse reptile genera,
with 192 recognized species known to date (Uetz et al. 2022). The genus has a geo-
graphically widespread distribution, ranging from South Asia to Southeast Asia, and is
composed of two separate clades based on multi-locus phylogenetic analyses (Gamble et
al. 2012, 2015; Pyron et al. 2013; Karunarathna et al. 2019; Malonza and Bauer 2022).
The 64 currently described Southeast Asian species of Cnemaspis represent a monophy-
letic group, include many species with specializations for various rocky habitats (Gris-
mer et al. 2010, 2014; Nguyen et al. 2020), and are distributed in Myanmar, Thailand,
Laos, Cambodia, Vietnam, Malaysia and Indonesia (Bauer and Das 1998; Das 2005;
Grismer and Ngo 2007; Grismer et al. 2010, 2014, 2020; Kurita et al. 2017; Riyanto
et al. 2017; Wood et al. 2017; Ampai et al. 2019, 2020; Lee et al. 2019; Nashriq et
al. 2022). In Thailand, 19 named species of Southeast Asian Crnemaspis (Grismer et al.
2010, 2014, 2020; Wood et al. 2017; Ampai et al. 2019, 2020; Uetz et al. 2022) occur
throughout much of the country’s mainland and adjacent offshore islands (Grismer et
al. 2014, 2020; Wood et al. 2017; Ampai et al. 2019, 2020; Lee et al. 2019).
Historically, the taxonomy and systematics of Thai Cnemaspis depended solely
on data from morphology and color pattern characteristics (e.g., Smith 1925; Taylor
1963; Bauer and Das 1998; Grismer et al. 2010). During the past decade, integrative
taxonomic approaches that included morphological characteristics, ecological data,
and molecular genetics (e.g., Grismer et al. 2014, 2020; Wood et al. 2017; Ampai et al.
2019, 2020; Lee et al. 2019) have been used to address and resolve previous taxonomic
issues (Wood et al. 2017). Thai Cnemaspis species are assigned to four species groups
based on morphological character state differences and genetics (Grismer et al. 2014;
Ampai et al. 2019, 2020), these being the affinis group, the chanthaburiensis group,
the kumpoli group, and the siamensis group. Of these, the siamensis group shows the
highest species richness with 12 recognized species in Thailand, including C. adangraw:
Ampai et al. 2019, C. chanardi Grismer et al. 2010, C. huaseesom Grismer et al. 2010,
C. kamolnorranathi Grismer et al. 2010, C. lineatubercularis Ampai et al. 2020,
C. omari Grismer et al. 2014, C. phangngaensis Wood et al. 2017; C. punctatonuchalis



Hidden diversity within Cnemaspis siamensis species complex 117

Grismer et al. 2010, C. selenolagus Grismer et al. 2020, C. siamensis (Smith, 1925),
C. thachanaensis Wood et al. 2017, and C. vandeventeri Grismer et al. 2010. Only one
member of the siamensis group, C. roticanai Grismer & Chan, 2010, occurs outside of
Thailand, where it occurs on Langkawi Island, Malaysia. Within the siamensis group,
C. chanardi and C. kamolnorranathi remain the least known species, in part due to a
lack of genetic data from their type localities.

We conducted field surveys for Cnemaspis during 2015-2020 at five localities in
southern Thailand. Morphological and mitochondrial DNA data analyses revealed that
the Cnemaspis samples from Ko (= island) Samui in the Gulf of Thailand and Ko Similan
in the Andaman Sea differed from all known congeners of Thai Cnemaspis. In addition,
we obtained samples from the type localities of C. chanardi and C. kamolnorranathi.
Herein, the two distinct insular populations of Cnemaspis are described as new species
and genetic data are used to verify the phylogenetic placements of C. chanardi and
C. kamolnorranathi within the C. siamensis group.

Materials and methods

Taxon sampling and specimen collection

Fieldwork was conducted at five different localities in southern Thailand including (1)
Pathio District, Chumphon Province in June 2017, (2) Kanchanadit District, Surat
Thani Province in January 2019, (3) Nayong District, Trang Province in May 2016,
December 2017, and July 2019, (4) Ko Samui, Surat Thani Province in September
2015, July 2018, and August 2020, and (5) Ko Similan, Mu Ko Similan National
Park, Phang-nga Province in March 2018. Sampling was conducted by using visual
encounter surveys both during the day (1000-1800 h) and at night (1900-2200 h).
Ecological data (air temperature and relative humidity) were collected using a Kestrel
4000 Weather Meter. Habitat preferences (e.g., microhabitat, substrate type and habitat
use) were also recorded. Geographical coordinates and elevation were taken using a
Garmin GPSMAP 64s. At each locality, specimens were photographed and euthanized
by cardiac injection of tricaine methane sulfonate (MS-222) solution (Simmons 2015).
Liver samples were removed from euthanized specimens for molecular analysis, preserved
in 95% ethanol, and stored at -20 °C. Voucher specimens were then fixed in 10%
formalin and later transferred to 70% ethanol for long-term storage. Specimens and
tissue samples were deposited in the herpetological collection at the Zoological Museum
of Kasetsart University, Bangkok, Thailand (ZMKU). All specimens of the C. siamensis
group, including the type specimens of C. adangrawi, C. chanardi, C. huaseesom,
C. lineatubercularis, C. niyomwanae, C. punctatonuchalis, and C. vandeventeri, were
examined as comparative material (Appendix I) in the holdings of ZMKU and the
Thailand Natural History Museum, Pathum Thani, Thailand (THNHM). Additional
data were obtained from the original species descriptions of Thai Cremaspis (Smith,
1925; Grismer et al. 2010, 2014, 2020; Wood et al. 2017; Ampai et al. 2019, 2020).
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Molecular genetic study and phylogenetic analyses

Genomic DNA from 21 individuals of Cremaspis (C. adangrawi, N = 2; C. chanards,
N = 4; C. kamolnorranathi, N = 5; C. siamensis, N = 2; Ko Samui samples, N = 4; and
Ko Similan samples, N = 4) was extracted from liver tissue (Table 1) using the Qiagen
DNAeasy™ Blood & Tissue Kit (Valencia, CA, USA). A fragment of mitochondrial
(mt) DNA encoding the NADH dehydrogenase subunit 2 (ND2) gene and parts of
its flanking tRNAs Trp, Ala, Asn and Cys was amplified by polymerase chain reaction
(PCR) with an initial denaturation (95 °C, 2 min) followed by 33 cycles of denatura-
tion (95 °C, 35s), annealing (52 °C, 35s), and extension (72 °C, 35s) and the light
strand primer MetF1(L4437b; 5°-AAGCAGTTGGGCCCATACC-3’; Macey et al.
1997) and heavy strand primer CO1R1 (H5934; 5’-AGRGTGCCAATGTCTTTGT-
GRTT-3’; Macey et al. 1997). PCR products were purified by the NucleoSpin Gel and
PCR Clean-up Kit (Machery-Nagel Inc.) and sequenced using the amplifying primers
on an ABI 3730XL automatic sequencer (Sango Biotech Inc, Shanghai, China). The
generated DNA sequences were edited and aligned using Geneious R11 (Biomatters,
Ltd, Auckland, New Zealand). The newly generated sequences were deposited in Gen-
Bank under accession numbers — (Table 1).

Homologous sequences of 68 Cremaspis and the seven outgroups Cyrtodactylus
bokorensis Murdoch, Grismer, Wood, Neang, Poyarkov, Tri, Nazarov, Aowphol,
Pauwels, Nguyen & Grismer, 2019, Dixonius melanostictus (Taylor, 1962), Dixonius
siamensis (Boulenger, 1898), Gehyra mutilata Wiegmann, 1834, Gekko gecko
(Linnaeus, 1758), Hemidactylus frenatus Duméril & Bibron, 1836 and Hemidactylus
garnotii Duméril & Bibron, 1836 (following Wood et al. 2017; Ampai et al. 2020)
were downloaded from GenBank. These were aligned to the 21 newly generated
sequences of Cnemaspis using the MUSCLE plug-in as implemented in Geneious
R11 (Biomatters, Ltd, Auckland, New Zealand). The aligned dataset was partitioned
into four partitions consisting of ND2 codon positions and the flanking tRNAs.
Molecular phylogenetic relationships were estimated using Bayesian inference (BI)
and maximum likelihood (ML). The BI was implemented in MrBayes v3.2.7a
(Ronquist et al. 2012) on XSEDE (CIPRES; Miller et al. 2010). The best-fit model of
sequence evolution for each partition was estimated using the Bayesian Information
Criterion (BIC) as implemented in PartitionFinder2 on XSEDE (Lanfear et al. 2016).
The selected models were GTR+I+I" for each ND2 codon partition and HKY+I+T"
for tRNAs. The BI analysis was performed as two simultaneous runs, each with four
Markov chains (three heated and one cold chain), using the default priors and chain
temperature set to 0.1 for 20,000,000 generations, with trees sampled every 2,000
generations from the Markov Chain Monte Carlo (MCMC). The first 25% of each
run was discarded as burn-in using the “sumt” command. The convergence of the two
simultaneous runs, stationary state of each parameter, and the effective sample sizes
were evaluated by visualizing the log file in Tracer v1.6 (Rambaut et al. 2014). Nodes
with Bayesian posterior probabilities support (BPP) of = 0.95 were considered well-
supported (Huelsenbeck and Ronquist 2001; Wilcox et al. 2002).
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Table 1. Voucher information, including locality, collection numbers, GenBank accession numbers and

reference for the specimens used in the phylogenetic analyses. Voucher abbreviations are as follows: Monte

L. Bean Life Science Museum at Brigham Young University (BYU), California Academy of Sciences
(CAS), the Field Museum of Natural History, Chicago, Illinois, USA (FMNH), La Sierra University
Herpetological Collection (LSUHC), the Thailand Natural History Museum, Pathum Thani, Thailand
(THNHM), Universiti Sains Malaysia Herpetological Collection at the Universiti Sains Malaysia, Penang,
Malaysia (USMHC), and Zoological Museum of Kasetsart University (ZMKU).

Species

Locality

Collection
number

GenBank

accession number

Reference

Outgroup

Cyrtodactylus bokorensis

Cambodia, Kampot

FMNH 263228

Grismer et al.

2015b

Dixonius melanostictus

Thailand (captive)

No number

Ziegler et al. 2016

Dixonius siamensis Cambodia, Pursat Province, Phnom Aural LSUHC 7328 Ziegler et al. 2016
Gekko gecko Myanmar, Ayeyarwady Division, CAS 204952 Résler et al. 2011
Myaungmya District
Gehyra mutilata Cambodia, Pursat Province, Phnom Aural LSUHC 7379 Wood et al. 2017
Hemidactylus frenatus Myanmar, Tanintharyi Division, Kaw CAS 229633 Bauer et al. 2010
Thaung District
Hemidactylus garnotii Myanmar, Mon State, Kyait Hti Yo CAS 222276 Bauer et al. 2010
Wildlife Sanctuary
Ca Mau Clade
Cnemaspis boulengerii Vietnam, Ca Mau Province, LSUHC 9278 Grismer et al. 2014
Con Dao Archipelago LSUHC 9279
Cnemaspis psychedelica  Vietnam, Ca Mau Province, Hon Khoai Island ~ LSUHC 9243 Wood et al. 2017
LSUHC 9244
chanthaburiensis group
Cnemaspis aurantiacopes  Vietnam, Kien Giang Province, Hon Dat Hill LSUHC 8610 Grismer et al. 2014
LSUHC 8611
Cnemaspis caudanivea Vietnam, Kien Giang Province, Hon Tre Island LSUHC 8582 Grismer et al. 2014
Cnemaspis Cambodia, Pursat Province, Phnom Dalai LSUHC 9338 Grismer et al. 2014
chanthaburiensis
Cnemaspis lineogularis Thailand, Prachuap Khiri Khan Province, Kui BYU 62535 Wood et al. 2017
Buri District, Wat Khao Daeng ZMKU R 00728
Cnemaspis neangthyi Cambodia, Pursat Province, O’Lakmeas LSUHC 8515 Grismer et al. 2014
LSUHC 8516
Cnemaspis nuicamensis Vietnam, An Giang Province, Nui Cam Hill LSUHC 8646 Grismer et al. 2014
LSUHC 8647
LSUHC 8648
kumpoli group
Cnemaspis biocellata Malaysia, Perlis, Kuala Perlis LSUHC 8789 Grismer et al. 2014
LSUHC 8817
Malaysia, Perlis, Gua Kelam LSUHC 8818
Cnemaspis kumpoli Malaysia, Perlis, Perlis State Park LSUHC 8847 Grismer et al. 2014
LSUHC 8848
Cnemaspis monachorum Malaysia, Kedah, Langkawi Archipelago, LSUHC 9114 Grismer et al. 2014
Pulau Langkawi LSUHC 10807
Cnemaspis niyomwanae  Thailand, Trang Province, Thum Khao Ting LSUHC 9568 Grismer et al. 2014
LSUHC 9571
Cnemaspis tarutaoensis ‘Thailand, Satun Province, ZMKU R 00761 Ampai et al. 2019
Mueang Satun District, Ko Tarutao ZMKU R 00763
ZMKU R 00764
argus group
Cnemaspis argus Malaysia, Terengganu, Gunung Lawit LSUHC 8304 Grismer et al. 2014

LSUHC 10834
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Species Locality Collection GenBank Reference
number accession number

Cnemaspis karsticola Malaysia, Kelantan, Gunung Reng LSUHC 9054 Grismer et al. 2014
LSUHC 9055

affinis group

Cnemaspis affinis Malaysia, Penang, Pulau Pinang LSUHC 6787 Grismer et al. 2014

Cnemaspis grismeri Malaysia, Perak, Lenggong LSUHC 9969 Grismer et al. 2014

Cnemaspis hangus Malaysia, Pahang, Bukit Hangus LSUHC 9358b Grismer et al. 2014

Cnemaspis hariman Malaysia, Kedah, Gunung Jeri LSUHC 9665 Grismer et al. 2014

Cnemaspis mahsuriae Malaysia, Kedah, Pulau Langkawi, Gunung Raya LSUHC 11829 Grismer et al. 2015a

Cnemaspis mcguirei Malaysia, Perak, Bukit Larut LSUHC 8853 Grismer et al. 2014

Cnemaspis Malaysia, Perak, Belum-Temengor, Sungai Enam  USMHC 1347 Grismer et al. 2014

narathiwatensis USMHC 1348

siamensis group

Cnemaspis adangrawi Thailand, Satun Province, Mueang Satun ZMKU R 00767 Ampai et al. 2019

District, Ko Adang

ZMKU R 00768
THNHM 28207

This study
Ampai et al. 2019

ZMKU R 00770
‘Thailand, Satun Province, Mueang Satun ZMKU R 00774 This study
District, Ko Rawi ZMKU R 00775 Ampai et al. 2019
ZMKU R 00776
Cnemaspis chanardi Thailand, Trang Province, Nayong District ZMKU R 00988 This study
ZMKU R 00989
ZMKU R 00990
ZMKU R 00991
Cnemaspis huaseesom Thailand, Kanchanaburi Province, Sai Yok LSUHC 9455 Grismer et al. 2014
National Park LSUHC 9457
LSUHC 9458
Cnemaspis ‘Thailand, Surat Thani Province, Kanchanadit =~ ZMKU R 00992 This study
kamolnorranathi District, Tai Rom Yen National Park ZMKU R 00993
ZMKU R 00994
ZMKU R 00995
ZMKU R 00996
Cnemaspis Thailand, Nakhon Si Thammarat Province, Lan ZMKU R 00825 Ampai et al. 2020
lineatubercularis Saka District, Wang Mai Pak Waterfall 7ZMKU R 00828
ZMKU R 00829
ZMKU R 00830
Cnemaspis omari Thailand, Satun Province, Phuphaphet Cave LSUHC 9565 Grismer et al. 2014
Malaysia, Perlis, Perlis State Park LSUHC 9978
Cnemaspis ‘Thailand, Phang-nga Province, Mueang Phang- BYU 62537 Wood et al. 2017
phangngaensis nga District, Khao Chang, Phung Chang Cave BYU 62538
Cnemaspis Thailand, Prachaup Khiri Khan Province, Thap BYU 62539 Wood et al. 2017
punctatonuchalis Sakae BYU 62540
Cnemaspis roticanai Malaysia, Kedah, Pulau Langkawi, Gunung Raya ~ LSUHC 9430 Grismer et al. 2014
LSUHC 9431
LSUHC 9439
Cnemaspis samui ‘Thailand, Surat Thani Province, Ko Samui ZMKU R 00966 This study
sp. nov. District, Ko Samui, Hin Lad Waterfall ZMKU R 00967
ZMKU R 00968
ZMKU R 00974
Cnemaspis similan Thailand, Phang-nga Province, Tai Mucang ZMKU R 00984 This study
sp. nov. District, Mu Ko Similan National Park, Ko ZMKU R 00985
Similan, Ao Nguang Chang ZMKU R 00986
ZMKU R 00987

Cnemaspis selenolagus

Thailand, Ratchaburi Province, Suan Phueng
District, Khao Laem Mountain

ZMMU R 16391
AUP 00767

Grismer et al. 2020
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Species Locality Collection GenBank Reference
number accession number
Cnemaspis siamensis Thailand, Chumpon Province, Pathio District LSUHC 9474 Grismer et al. 2014
LSUHC 9485
ZMKU R 00997 This study
ZMKU R 00998
Cnemaspis thachanaensis  Thailand, Surat Thani Province, Tha Chana BYU 62542 Wood et al. 2017
District, Tham Khao Sonk Hill BYU 62543
BYU 62544
Cnemaspis vandeventeri  Thailand, Ranong Province, Suk Saran District, BYU 62541 Wood et al. 2017
Naka

The ML analysis was implemented using the IQ-TREE web server (Nguyen et al.
2015; Trifinopoulos et al. 2016). The best-fit model of evolution for each partition was
estimated using IQ-TREE’s ModelFinder function (Kalyaanamoorthy et al. 2017).
Based on the Bayesian Information Criterion (BIC), the TIM+F+1+G4 was the best-
fit model for 1%, 2™, 3" codon partitions and HKY+F+G4 for tRNAs. The ultrafast
bootstrap analysis (UFB; Minh et al. 2013; Hoang et al. 2017) using 10,000 bootstrap
pseudo-replicates was used to construct a final consensus ML tree. Nodes with ultrafast
bootstrap support (UFB) of > 95 were considered well-supported (Minh et al. 2013).
The 50% majority-rule consensus of sampled trees from the BI analysis and the most
likely tree in the ML analysis were visualized and edited in FigTree v1.4.4 (Rambaut
2018). Uncorrected pairwise sequence divergences were estimated using a p-distance
method with the pairwise deletion option in MEGA 11.0.11 (Tamura et al. 2021).

Morphological measurement and analyses

Coloration and pattern in life was determined by examination of digital images taken
of living specimens of all possible age classes prior to preservation. Morphological and
meristic data were taken by the first author on the left side of preserved specimens for
symmetrical characters, when possible, using digital Mitutoyo CD-6” ASX Digimatic
Calipers to the nearest 0.1 mm under a Nikon SMZ745 dissecting microscope. Three
body-size classes were established by snout-vent length: small size (< 35 mm), medium
size (35—40 mm) and large size (> 40 mm). Only adult individuals, as determined by
the presence of secondary sexual characteristics such as pore-bearing precloacal scales
or hemipenes in males or visible eggs on ventral side of body or enlarged endolym-
phatic glands in females, were included for morphometric and meristic measurements.
A total of sixteen morphological characters was scored following Grismer et al. (2020),
Wood et al. (2017) and Ampai et al. (2020): snout-vent length (SVL, taken from tip
of snout to the anterior margin of vent); tail width (TW, at the base of the tail imme-
diately posterior to the postcloacal swelling); tail length (TL, distance from the vent to
the tip of the tail, whether original or regenerated); forearm length (FL, taken on the
dorsal surface from the posterior margin of the elbow while flexed 90° to the inflection
of the flexed wrist); tibia length (TBL, taken on the ventral surface from the posterior
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surface of the knee while flexed 90° to the base of the heel); head length (HL, distance
from the posterior margin of the retroarticular process of the lower jaw to the tip of the
snout); head width (HW, at the angle of the jaws); head depth (HD, the maximum
height of head from the occiput to the throat); axilla-groin length (AG, taken from
the posterior margin of the forelimb at its insertion point on the body to the anterior
margin of the hind limb at its insertion point on the body); eye diameter (ED, the
maximum horizontal diameter of the eyeball); eye-ear distance (EE, measured from
the anterior margin of the ear opening to the posterior edge of the eyeball); ear length
(EL, taken from the greatest vertical distance of the ear opening); eye-nostril distance
(EN, measured from the anterior most margin of the eyeball to the posterior margin
of the external nares); eye-snout distance (ES, measured from the anterior margin of
the eyeball to the tip of snout); internarial distance (IN, measured between the medial
margins of the nares across the rostrum) and inner orbital distance (IO, the width of
the frontal bone at the level of the anterior edges of the orbit).

Meristic characters states of scales and quantitative observations of pattern and
structures were evaluated under a Nikon SMZ745 dissecting microscope. Meristic
characters taken were modified from Grismer et al. (2014, 2020), Wood et al. (2017)
and Ampai et al. (2020) as follows: number of supralabial (SupL) and infralabial
(InfL) scales, counted from below the middle of the orbit to the rostral and mental
scales, respectively; texture of scales on the anterior margin of the forearm; number of
paravertebral tubercles (PVT) between limb insertions, counted in a straight line im-
mediately left of the vertebral column; general size (i.e., strong, moderate, weak) and
arrangement (i.e., random or linear) of dorsal body and tail tuberculation; number of
subdigital lamellae beneath the fourth toe (4TL), counted from the base of the first
phalanx to the claw; and number of postcloacal tubercles on each side of tail base.
Categorical character states examined were: presence or absence of dark round spots
on the nape and anterior portion of the body; the presence or absence of ocelli on the
shoulder region; coloration of dorsal blotching on head, body, limbs and tail; presence
or absence of a row of enlarged, widely spaced, tubercles along the ventrolateral edge
of the body flank between limb insertions; number, orientation and shape of pore-
bearing precloacal scales; and relative size of subcaudal and subtibial scales. Descrip-
tions refer to right (R) and left (L) sides of the body.

Statistical analyses were used to compare differences in size and shape within
the siamensis group, including populations from Ko Samui (V = 18), Ko Similan
(IV = 4) and the seven described species C. adangrawi (N = 8), C. chanardi (N = 7),
C. lineatubercularis (N = 19), C. omari (N = 5), C. phangngaensis (N = 3), C. siamensis
(N=28) and C. thachanaensis (N = 6). Due to lack of available measurements, six species in
the siamensis group (C. huaseesom, C. kamolnorranathi, C. punctatonuchalis, C. roticanai,
C. selenolagus and C. vandeventeri) were not included in the morphometric analyses. All
specimens were assigned to nine putative operation taxonomic units (OTUs) based on
the mtDNA results: OTU1 (= Ko Samui population), OTU2 (= Ko Similan population),
OTU3 (= C. adangrawi), OTU4 (= C. chanardi), OTU5 (= C. lineatubercularis),
OTUG (= C. omari), OTU7 (= C. phangngaensis), OTUS (= C. siamensis) and OTU9
(= C. thachanaensis). TL (tail length) was excluded due to their different conditions
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(e.g., complete, broken, and regenerated). All morphological variables were adjusted
for differences in ontogenetic composition by the allometric equation:

Xadj = log(X) — b[log(SVL) —log(SVL )]

mean’

where X is the corrected value of the morphometric variable; X is the unadjusted
value of ({ependent variable; 4 is the within-clade coefficient of the linear regression
of each original character value (X) against SVL; SVL = snout-vent length; and
SVL__ = overall mean of SVL of all nine OTUs (Thorpe 1975, 1983; Turan 1999;
Lleonart et al. 2000; Chan and Grismer 2021).

Univariate analyses were implemented in the Paleontological statistics software
(PAST v4.07b; Hammer et al. 2001) using an analysis of variance (ANOVA) to com-
pare morphological differentiation in traits among nine putative OTUs (OTU1-
OTU9). Morphological characters with equal variances and having p-values less than
0.05 were subjected to a Tukey’s honestly significant difference (HSD) test to identify
all pairwise comparisons among sample means for significant differences (p < 0.05).
Moreover, multivariate analyses were performed using the platform R v3.2.1 (R Core
Team 2018). A principal component analysis (PCA) using the built-in R functions:
“prcomp” (R Core Team, 2018) and “ggplot2” (Wickham, 2016) was performed to
find the best low-dimensional space of morphological variation in data. Principal com-
ponents (PCs) with eigenvalues greater than 1.0 were retained in accordance with the
criterion of Kaiser (1960). A discriminant analysis of principal components (DAPC)
was applied using the “adegenet” package in R (Jombart 2008) to characterize cluster-
ing and distance in the morphospace of the two new groups compared to the seven
named congeners of the siamensis group, as delimited by the molecular phylogenetic
analyses. The DAPC relied on transformed and scaled data from the PCA as a prior
step to find the linear combinations of morphological variables having the greatest
between-group variance and the smallest within-group variance of linear distances
(Jombart et al. 2010).

Results

Molecular analyses

The aligned dataset contained 1,310 characters of 89 individuals of Cnemaspis and
seven individuals of the outgroup species (Fig. 1A). Estimated base frequencies of the
Cnemaspis dataset excluding outgroups were A = 30.52%, C = 34.65%, G = 12.59%
and T = 22.24%. The BI and ML phylogenetic trees had similar topologies, with only
minor differences in positions of unresolved branches (Fig. 1B). The maximum stand-
ard deviation of split frequencies among the two simultaneous BI runs was 0.016685.
The average standard deviation of split frequencies among the two simultaneous BI
runs was 0.002622 and ESS values were greater than or equal to 6,152 for all param-
eters. The maximum likelihood value of the best ML tree was InL = —81,696.218.
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Cnemaspis samples from Ko Samui and Ko Similan represented well-supported
independent lineages (100 UFB, 1.0 BPP) and were nested within the siamensis group
(Fig. 1B). The Ko Samui samples were well-supported for ML (99 UFB) but lacked
support from BI (0.56 BPP) as the sister lineage to C. kamolnorranathi from its type
locality at Ban Nasan District, Surat Thani Province, Thailand. The Ko Samui samples
had uncorrected p-distances 0of 9.10-9.73% from C. kamolnorranarhiand 8.86-26.83%
from the other species in the siamensis group. The Ko Similan samples were recovered as
a well-supported lineage (100 UFB, 1.0 BPP) and sister to C. phangngaensis (Fig. 1B).
The Ko Similan samples had uncorrected p-distances of 8.16% from C. phangngaensis
and 9.34-27.11% from the other species in the siamensis group. The Ko Samui and
the Ko Similan populations had within population uncorrected p-distances of 0.00—
1.11% and 0.00%, respectively (Table 2).

Cnemaspis chanardi and C. kamolnorranathi samples from their type localities
(Fig. 1B, C) represented well-supported independent lineages (100 UFB, 1.0 BPP).
Cnemaspis chanardi was well-supported (100 UFB, 1.0 BPP) as sister to a clade com-
prised of C. phangngaensis and the Ko Similan population. Cnemaspis kamolnorranathi
was recovered as the sister lineage to the Ko Samui population (99 UFB, 0.56 BPP).
Cnemaspis chanardi and C. kamolnorranarhi had uncorrected p-distances of 7.36—
26.56% and 8.23-27.52% from the other species in the siamensis group, respectively.
The within population uncorrected p-distances of C. chanardi and C. kamolnorranathi
were 0.00-0.32% and 0.00—0.24%, respectively.

Morphological analyses

Univariate analysis of variance (ANOVA) showed significant differences (» < 0.05) in
morphometric characters among the Ko Samui population (OTU1), the Ko Similan
population (OTU2), and seven congeners (OTU3-OTU9) in the siamensis group (Sup-
pl. material 1: Table S1). These were also significantly different in the Tukey’s HSD pair-
wise tests (p < 0.05; Table 3). Multivariate analysis of PCA of nine species of Cnemaspis
revealed morphological differences on a scatter plot of the first two components having
eigenvalues > 1.0 (Fig. 2A). These first two components that accounted for 71.8% of the
variation in the dataset showed that the Ko Samui and the Ko Similan samples clustered
separately from seven congeners in the siamensis group (Table 4). The first principal
component (PC1) accounted for 54.6% of the of variation and was most heavily loaded
on five head characters (head length, head width, head depth, eye-car distance, and eye-
snout distance), two body characters (tibia length and axillar-groin length), and one tail
character (tail width). The second principal components (PC2) accounted for an addi-
tional 17.2% of the variation and was heavily loaded on three head characters (internarial
distance, interorbital distance, and ear length). Factor loadings of each component of 15
morphometric characteristics from nine OTUs of the siamensis group are provided in Ta-
ble 4. The ordination of the first two components showed that the Ko Samui population
overlapped with the Ko Similan population and C. thachanaensis. The DAPC (94.09%
of cumulative variance) revealed the Ko Samui and the Ko Similan populations as dis-
tinct clusters, with general clustering of seven congeners in the siamensis group (Fig. 2B).
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Figure 1. The single best tree from 10,000 Maximum likelihood bootstrap replicates based on 1,310
bp of the mitochondrial NADH dehydrogenase subunit 2 (ND2) and flanking tRNAs from geckos of
the genera Cremaspis, Cyrtodactylus, Dixonius, Gekko, Hemidactylus and Gehyra A shown in full view
B relevant clades of Cremaspis siamensis group in close-up view € map illustrating the type locality of all
species in the siamensis group. Nodal support values are ultrafast bootstrap values from maximum likeli-
hood analysis of the same dataset followed by posterior probabilities of Bayesian analysis.
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Figure 2. Multivariate analysis results of principal component analysis (PCA) and discriminant analysis
of principal component (DAPC) of 14 morphological variables for nine OTUs (V = 78 individuals) of
Cnemaspis in the siamensis group A PCA scatterplot showing morphospatial differentiation among nine
species in the siamensis group B DAPC ordination of six PCs and discriminant eigenvalues showing mor-
phospatial variation among nine species in the siamensis group.
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Table 3. Pairwise significant difference matrix from 15 size-corrected morphometric measurements of
Cnemaspis samui sp. nov. and Cnemaspis similan sp. nov. compared with seven congeners of the Cnemaspis
siamensis group (Tukey’s HSD; p< 0.05). Measurement abbreviations are defined in the text.

No. Species 1 2 3 4 5 6 7 8
1 Crnemaspis samui -

sp. nov.
2 Cnemaspis similan  SVL, FL, TBL, -

sp. nov. AG, HL, HW,

IN, IO
3 C adangrawi TBL,IN,IO HW,IN, IO -
4 C chanardi FL, EL, IN, SVL, TW, FL, EL, IO -
10 FL, HL, HW,
IN, IO

5 C TBL,HL, SVL,TW,FL, SVL,FL,TBL, TBL, HL, -

lineatubercularis HW, EL, IN, TBL, HL, HL, HW, HW

10 HW, IN, IO EL, 10
6 C. omari TW, FL, TBL, SVL, TW,HL, TW,FL,HL FL, HW,IN FL,TBL, IN -
HL,HW,EL, HW,IN,I0 HW,ES, EL,
IN, 10 10
7 C. phangngaensis  'TW, TBL, IN TW, IN TW, 10 TW, FL TW, FL, HL, IN —
TBL, HL
8 C. siamensis SVL, TV, SVL, TW, FL, SVL,TW,FL, SVL,TW, SVL, TV, SVL, FL, SVL, FL, -
FL, TBL, TBL,AG, TBL,AG,HL, TBL, AG, TBL, ES, TBL, ES TBL, HL,
HL, HW, ES, HL,HW, ES, HW, ES,IN HL, HW, ES, IN, IO ES, IN, IO
IN, IO IN, IO EL, IN, IO

9 C thachanaensis  SVL, TW,FL, ~ SVL,FL,  SVL,TW,FL, SVL,TBL, SVL,TBL, SVL,FL, SVL,FL, EN,
TBL, AG, HL, TBL, AG, HL, TBL, AG, HL, AG, HL, AG,HW, TBL,AG, TBL,AG, EL,
HW, ES, EN, HW, ES,EN, HW, ES,EN, HW,ES,EN, ES,EN,EL, ES,EN, HL HWES, IN

IN, IO EL, IN IN, IO EL, IN, IO IN, IO EL, IN EN, EL, IO

Table 4. Summary of proportions of variance, standard deviation, eigenvalues and factor loadings from
the 10 first principal components (PC) of 14 size-adjusted morphometric characters of two new insular
species Cnemaspis samui sp. nov., Cnemaspis similan sp. nov. and seven congeners of the Cnemaspis siamensis
group including C. adangrawi, C. chanardi, C. lineatubercularis, C. omari, C. phangngaensis, C. siamensis
and C. thachanaensis. Values highlighted in bold represent those with the greatest contribution (>0.30).
Measurement abbreviations are defined in the text.

Character PC1 PC2 PC3 PC4 PCs PCé6 PC7 PC8 PC9 PC10
Proportion of Variance 54.6 17.2 6.2 5.7 5.1 4.3 2.3 1.3 1.0 0.8
Standard deviation 2.77 1.55 0.93 0.89 0.84 0.78 0.57 0.42 0.37 0.33
cigenvalues 7.65 2.406 0.872 0.793 0.711 0.606 0.32 0.179 0.137 0.112
™ -0.293 -0.083 0.266 0.296 -0.093 0.017 -0.747 0.069 -0.054 0.169
FL -0.263 -0.125 -0.375  -0.362 0.414 -0.207 -0.317 -0.01 0.005 0.374
TBL -0.308 0.091 -0.217 -0.171 0.401 0.182 0.021 0.123 0.217 -0.454
AG -0.302 0.233 -0.04 -0.132 -0.093 0.247 0.069 -0.708 -0.358 0.163
HL -0.324  -0.118  -0.063  -0.020  0.037 0.360 0.229 0.310 0.064 0.371
HW -0.328 -0.097 -0.009 -0.030 -0.115 0.418 0.100 0.016 -0.145 -0.267
HD -0.321 -0.073 0.332 0.211 -0.114 0.066 0.175 0.170 -0.108 0.095
ED -0.264 0.079 0.422 -0.232 0.237 -0.518 0.161 0.132 -0.458 -0.196
EE -0.323 -0.005 -0.032 0.422 0.145 -0.073 0.080 0.071 0.209 -0.164
ES -0.304  0.191 0.011 0.198  -0.086 -0.370  0.098 -0.408 0.532  -0.027
EN -0.210 0.208 -0.563 0.093 -0.500 -0.325 0.119 0.308 -0.236 0.083
EL -0.105 0.439 0.282 -0.558  -0.364 0.087 -0.158 0.214 0.357 0.004
IN -0.096 -0.565 0.172 -0.231 -0.137 -0.155 0.325 -0.085 0.254 0.292

10 0.113 0.538 0.14 0.211 0.370 0.079 0.236 0.131 0.032 0.473
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Taxonomic hypotheses

The Ko Samui and Ko Similan populations distinctly differed from all congeners in the
C. siamensis group that were evaluated based on molecular analyses of mtDNA with
high genetic distances, as well in the univariate analyses (ANOVA and Tukey’s HSD
pairwise) and the multivariate analyses (PCA and DAPC) of morphology. Based on
these corroborating lines of evidence, we hypothesize that the Ko Samui and the Ko
Similan populations each represent new species, as described below.

Systematics

Cnemaspis samui sp. nov.
https://zoobank.org/F75694D-7398-4084-BA37-21D5D1B40D03

Figs 3—6

Ko Samui Rock Gecko

Thai common name: Jing Jok Niew Yaow Ko Samui (393nfiaenitnnease)

Holotype (Fig. 3). ZMKU R 00974, adult male from Thailand, Surat Thani Prov-
ince, Ko Samui District, Ang Thong Subdistrict, Hin Lad Waterfall (9°31.151'N,
99°57.598'E; 150 m a.s.l.), collected on 19 June 2018 by Natee Ampai, Attapol Ru-
jirawan, Siriporn Yodthong and Korkhwan Termprayoon.

Paratypes (Fig. 4). Seventeen paratypes (adult males = 14, adult females = 3).
Five adult males (ZMKU R 00966-00970), same collection data as holotype except
collected on 26 September 2015 by Natee Ampai, Attapol Rujirawan, Siriporn Yod-
thong, Korkhwan Termprayoon, and Anchalee Aowphol. Nine adult males (ZMKU
R 00971-00973, ZMKU R 00975-00979 and ZMKU R 00983) and three adult
females (ZMKU R 00980-00982), same data as holotype.

Diagnosis. Cnemaspis samui sp. nov. differs from all other members of the C. siamensis
group by having the following combination of characters: (1) SVL 37.0-42.3 mm in
adult males (mean 39.90 + 1.98 mm; NV = 15) and 36.4—41.6 mm in adult females
(mean 39.75 + 2.91 mm; N = 3); (2) eight or nine supralabial and infralabial scales;
(3) ventral scales keeled (4) 5-8 pore-bearing precloacal scales in males, arranged in a
chevron, separated, pore rounded in males; (5) 2527 paravertebral tubercles, arranged
randomly; (6) 4-6 small, subconical spine-like tubercles present on lower flanks; (7)
22-25 subdigital lamellae under 4" toe; (8) enlarged median subcaudal scale row
present; (9) ventrolateral caudal tubercles anteriorly present; (10) one or two postcloacal
tubercles on lateral surface of hemipenial swellings at the base of tail in males; and (11)
gular region, abdomen, limbs and subcaudal region yellowish only in males.

Description of holotype. An adult male in good state of preservation; 42.3 mm
SVL; head relatively moderate in size (HL/SVL 0.27), narrow (HW/SVL 0.16), flat-
tened (HD/HL 0.39), depressed (HD/SVL 0.11), and head distinct from neck; snout
moderate (ES/HL 0.43), in lateral profile slightly concave; loreal region slightly inflated,
canthus rostralis not prominent, smoothly rounded; postnasal region constricted
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Figure 3. Adult male holotype of Cnemaspis samui sp. nov. (ZMKU R 00974) from Hin Lad Waterfall,
Ko Samui, Ang Thong Subdistrict, Ko Samui District, Surat Thani Province, Thailand, in life A dorsolat-
eral view B dorsal view C lateral view D ventral view E precloacal region showing distribution of pore-

bearing scales (black arrows). Scale bars in dorsal, lateral, and ventral views: 10 mm.
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medially; scales of rostrum round, juxtaposed, keeled, larger than conical scales on
occiput; weak, supraorbital ridges; gular and throat scales granular, keeled and round;
shallow frontorostral sulcus; eye large (ED/HL 0.21) with round pupil; orbit with ex-
tra-brillar fringe scales slightly largest anteriorly; scales on interorbitals and supercilium
slightly keeled; eye to ear distance greater than eyes diameter (EE/ED 1.33); ear open-
ing vertical, oval, taller than wide (EL/HL 0.09); rostral slightly concave; rostral bor-
dered posteriorly by supranasals and internasal; rostral in contact laterally with first su-
pralabials; 9R,L supralabials decreasing in size posteriorly; 8R,L infralabials decreasing
in size posteriorly; nostril small, oval, oriented dorsoposteriorly, surrounded posteriorly
by small postnasal scales; mental scales enlarged, subtriangular, concave, extending to
level of second infralabials, bordered posteriorly by three large postmentals.

Body relatively slender, elongate (AG/SVL 0.42); small, keeled, dorsal scales equal
in size throughout body intermixed with several large, keeled, scattered, conical tuber-
cles; 26 paravertebral tubercles randomly arranged; four small, subconical spine-like
tubercles on flanks; tubercles present on lower flanks; tubercles extend from occiput to
tail; pectoral and abdominal scales keeled, round, flat, slightly larger than dorsal and
not larger posteriorly; ventral scales of brachia smooth, raised and juxtaposed; eight
separated pore-bearing precloacal scales, arranged in a chevron, with rounded pores;
precloacal depression absent; femoral pores absent.

Fore and hind limbs moderately elongate, slender; scales beneath forearm slightly
raised, smooth and subimbricate; subtibial scales keeled; palmar scales smooth, flat
and subimbricate; digits long, slender, distinctly inflected joint with strong, slightly
recurved claws; subdigital lamellae unnotched; lamellae beneath first phalanges wide;
lamellae beneath phalanx immediately following inflection granular; lamellae of dis-
tal phalanges wide; lamellae beneath inflection large; interdigital webbing absent;
enlarged submetatarsal scales on 1% toe present; total subdigital lamellae on fingers
[-V: 18-21-22-24-23 (right manus), 18-21-22-24-23 (left manus); fingers increase in
length from first to fourth with fifth nearly equal in length as fourth; relative length of
fingers IV>V>IIISII>1; total subdigital lamellae on toes I-V: 14-20-21-24-23 (right
pes), 14-(broken)-21-24-23 (left pes); toes increase in length from first to fourth with
fifth nearly equal in length as fourth; relative length of toes IV>V>II>II>1.

Tail complete, entire cylindrical, relatively slender, swollen at the base; tail length
(TL) 52.2 mmy; tail length longer than snout-vent length (TL/SVL 1.23); subcaudal
scales keeled, juxtaposed, larger than dorsal scales of the tail; shallow, middorsal furrow;
deeper lateral caudal furrow present; enlarged, transverse caudal tubercles arranged in
segmented whorls, encircling tail; enlarged median subcaudal scale row present; caudal
tubercles present between upper and lower of lateral furrow; 1R,L enlarged postcloacal
tubercle at lateral surface of hemipenial swellings at the base of tail.

Measurements of holotype (in mm; Table 5). SVL 42.3; TL (complete tail) 52.2;
TW 4.4; FL 6.5; TBL 7.9; AG 17.9; HL 11.5; HW 6.9; HD 4.5; ED 2.5; EE 3.3; ES
5.0; EN 4.0; EL 1.0; IN 1.1; IO 3.3.

Coloration in life (Figs 3, 4A). Dorsal ground color of head dark brown, top
of head and snout bearing small, diffuse, finely speckled with yellowish spots; 3R,L
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Figure 4. Coloration of Cnemaspis samui sp. nov. in dorsolateral view A adult male holotype ZMKU R
00974 B adult male paratype ZMKU R 00970 € adult male paratype ZMKU R 00971.

thin, and faint dark postorbital stripes extending from eye to nape; pupil black with
orange streak; irregular, pale yellowish marking on nape; a single yellowish pres-
capular crescent on shoulder each side, located at forelimb insertion dorsoanteriorly;
dorsal ground color of body, limbs and tail brown overlain with black irregular
blotches; two dark blotches form a bipartite pattern on nape; light-grey vertebral
blotches extending from the nape to tail; flanks with scattered, incomplete light-grey
to yellowish blotches becoming smaller posteriorly; tubercles on the whole body
white or yellow; subconical spine-like yellowish tubercles on lower flanks; digits
with dark brown and yellow bands; dorsum caudal bands light-grey and dark brown;
ventral surfaces grayish-white intermixed with yellowish blotches on side of body;
ventral pattern sexually dimorphic, gular, flanks, and caudal regions yellowish only
in males; no dark markings on gular and belly; ventral side of caudal yellowish and
indistinct bands.
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Table 5. Descriptive measurements in millimeters and characters of the type series of Cnemaspis samui
sp. nov. H = holotype; P = paratype; — = data unavailable or absent; C = complete; B = broken; R = regen-
erated. Measurement abbreviations are defined in the text.

Charactersy ¥ 2 L ® & © = & ® wn o © o o o — N
Number =4 -4 -4 =4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4
Type series H P P P P P P P P P P P P P P P P P
Sex Male Male Male Male Male Male Male Male Male Male Male Male Male Male Male Female Female Female
SVL 423 40.1 41.2 40.8 37.0 38.7 41.7 415 40.7 41.0 40.4 35.6 40.1 36.7 40.6 364 412 416
Tail C C C R B C R C R B B C C C C C R R
TL 52.2 50.8 57.8 56.2 44.3 48.8 51.3 59.3 40.6 28.7 — 47.6 54.8 48.6 59.6 46.1 44.0 16.4
% 44 39 38 40 39 40 42 42 41 43 44 36 41 37 41 36 4.2 3.9
FL 65 63 63 62 62 61 63 62 61 65 68 62 62 60 61 62 6.2 6.1
TBL 79 75 76 76 75 75 77 76 77 76 78 72 76 69 77 71 7.8 7.7
AG 179 17.7 17.7 17.7 161 161 17.7 17.6 17.7 17.7 17.6 155 17.6 161 17.8 152 179 17.9
HL 11.5 11.2 113 11.2 10.8 10.8 11.4 11.6 10.7 114 11.1 9.8 10.8 10.0 114 10.6 11.3 10.8
HW 69 66 69 68 66 66 68 68 68 68 67 62 67 62 69 62 6.9 6.8
HD 45 42 43 42 41 41 44 43 43 44 44 38 43 39 44 338 4.4 4.4
ED 25 23 24 22 22 23 24 24 21 22 22 23 22 22 24 2.2 2.4 2.4
EE 33 31 33 32 31 31 32 32 31 32 32 29 32 30 32 29 32 32
ES 50 49 49 49 45 46 48 48 47 49 49 46 49 47 48 45 4.9 4.9
EN 40 37 37 37 38 37 40 39 37 38 37 34 36 35 39 35 4.0 3.9
EL 1.0 09 08 08 09 07 09 10 1.0 09 09 09 08 09 09 09 0.9 0.8
10 33 31 33 32 30 32 32 31 31 32 31 28 31 28 32 28 33 3.3
IN .1 10 11 10 09 10 1.1 10 10 10 1.0 1.0 09 10 1.1 1.0 1.0 1.1
Supralabial 9 9 9 9 9 9 8 9 8 9 9 9 9 9 9 9 9 9
scales

Infralabial scales 8 9 8 8 8 8 8 8 8 9 8 8 8 8 8 8 8 8
No. of 8 7 8 5 6 8 7 8 7 6 7 8 7 5 7 - - -

precloacal pores

Precloacal pore 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - - -
continuous (1)

or separated (0)

Precloacal pores 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - - -
elongate (1) or

round (0)

No. of 26 26 25 27 26 27 27 26 27 25 27 26 25 27 27 27 27 26
paravertebral

tubercles

Tubercles 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
linearly arranged

(1) or more

random (0)

Tubercles 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

present (1) or

absent (0) on

lower flanks

No. of 4" toe 24 23 25 25 25 25 23 25 24 24 25 22 25 25 25 24 24 25
lamellae

Lateral caudal 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

furrows present

(1) or absent (0)

Pectoral scales 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

keeled (1) or

smooth (0)
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Characters/
Museum
Number

— | ZMKU R 00974
— | ZMKU R 00968
— | ZMKU R 00972
— | ZMKU R 00976
— | ZMKU R 00977
— | ZMKU R 00979
— | ZMKU R 00980

—| ZMKU R 00981
—| ZMKU R 00982

—| ZMKU R 00978
— | ZMKU R 00983

—| ZMKU R 00975

—| ZMKU R 00971
— | ZMKU R 00973

— | ZMKU R 00969
—| ZMKU R 00970

— | ZMKU R 00966
— | ZMKU R 00967

Ventral scales
on thigh keeled
(1) or smooth
(0)

Subcaudal 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
keeled (1) or

smooth (0)

Subtibial scales 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
keeled (1) or

smooth (0)

Enlarged 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
median

subcaudal scale

row (1) or

not (0)

Caudal 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
tubercles

restricted to

the single

paravertebral

row on each

side (1) or

not (0)

Coloration in preservative (Figs 5, 6). Dorsal ground color of head, body, limbs
and tail darker brown than coloration in life; indistinct, irregular vertebral blotches;
all yellowish spots and markings on head, body, limbs, and tail faded to whitish gray;
banding on the tail faded and less prominent; ventral surface whitish gray with indis-
tinct darker marking; gular, pectoral and tail regions with faint dark blotches.

Variation and additional information. Most paratypes closely resemble the hol-
otype in all aspect of pattern and coloration. Morphometric and meristic variation
within the type series is presented in Table 5. Some paratypes differ in their degree of
vertebral blotches. Sexual dimorphism in color pattern was apparent, as all adult male
paratypes have yellowish coloration in the gular, flanks and caudal regions but this yel-
lowish coloration was absent in females. ZMKU R 00968, ZMKU R 00971, ZMKU
R 00973 (three adult males), and ZMKU R 00981-00982 (two adult females) have
regenerated tails of uniform tan coloration. ZMKU R 00969 and ZMKU R 00975
(two adult males) have broken tail tips. ZMKU R 00976 (one adult male) has approxi-
mately three-fourth of the tail broken. ZMKU R 00966-00969, ZMKU R 00971,
ZMKU R 00977, ZMKU R 00980, and ZMKU R 00983 (eight adult males) have
paler dorsal markings that more resemble transverse bands than paravertebral blotches.
ZMKU R 00969 and ZMKU R 00983 (two adult males) have 2R,1L enlarged post-
cloacal tubercles on the lateral surface of the hemipenial swelling at the base of tail.

Distribution. Cnemaspis samui sp. nov. is currently only known from the type
locality at Hin Lad Waterfall (9°31.151'N, 99°57.598'E; 150 m a.s.l.; Fig. 7), Ang
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Thong Subdistrict, Ko Samui District, Surat Thani Province, Thailand, approxi-
mately 35 km off the mainland of Don Sak District, Surat Thani Province in the
Gulf of Thailand.

A

Figure 5. Adult male holotype of Cnemaspis samui sp. nov. (ZMKU R 00974) from Hin Lad Waterfall,
Ko Samui, Ang Thong Subdistrict, Ko Samui District, Surat Thani Province, Thailand, in preservative.

A dorsal view B ventral view € dorsal view of trunk. Scale bar in dorsal, and ventral views: 10 mm.
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Figure 6. Paratypes of Cnemaspis samui sp. nov. in preservative. A dorsal view B ventral view; from left to
right, top panel: ZMKU R 00966-00972; middle panel: ZMKU R 00973-00980; bottom panel: ZMKU
R 00981-00983. Scale bars in dorsal and ventral views: 10 mm.



138 Natee Ampai et al. / ZooKeys 1125: 115-158 (2022)

Natural history. The type locality is surrounded by lowland evergreen forest with
granitic rocky outcrops along Lipa Yai Canal in the western part of Ko Samui. All specimens
of C. samui sp. nov. were found along rocky stream outcrops of Hin Lad Waterfall during
the day (1435-1752 h) and night (1800-1845 h) with air temperatures of 26.2-30.1 °C
and relative humidity 0f 76.9-92.7%. Their microhabitats in rocky boulders were relatively
dry and cool. The male holotype was found at night (1845 h) perched upside down on an
overhanging surface of a granitic rock boulder near a stream. Most specimens were found
on or within deep cracks or crevices of boulders, or in shaded areas of the boulder near
a stream, except that ZMKU R 00969 was found on a tree trunk and ZMKU R 00977
was found in a soil hole at the base of a boulder. Two gravid females ZMKU R 00981—
00982 were carrying one or two eggs in July 2018. Some juveniles (not collected) were
mostly found perched on vegetation (e.g., log, vine, tree root). Cnemaspis samui sp. nov.
is assumed to be a diurnal rock-dwelling species. During the day, geckos were found to be
active, wary and fast-moving. They were most often observed clinging upside down to the
undersides of rock boulders and within deep crevices. When disturbed, they would quickly
move to deeper cover and hide in the shaded area between boulder and the ground. At
night, they were found to be inactive, slow moving, sheltered in crevices or cracks on rock
walls, or sleeping on vegetation near rock boulders, making them easier to approach than
during the day. During field surveys, the larger nocturnal gekkonid Cyrtodactylus zebraicus
(Taylor, 1962) was found in sympatry on the ground and vegetation near a stream.

Etymology. The specific epithet samui is a noun in apposition and refers to the
type locality of Ko Samui.

Comparisons. Cnemaspis samui sp. nov. is distinguished from all members of
the siamensis group (C. adangrawi, C. chanardi, C. huaseesom, C. kamolnorranathi,
C. lineatubercularis, C. omari, C. phangngaensis, C. punctatonuchalis, C. selenolagus,
C. siamensis, C. thachanaensis, and C. vandeventeri) by having a unique combination of
morphological characteristics (Table 6) and uncorrected pairwise sequence divergences
of mtDNA (ND2) of 8.86-26.83% (Table 2).

Cnemaspis samui sp. nov. is distinguished from C. adangrawi Ampai et al. 2019 by
having maximum SVL of 42.3 mm (vs. 44.9 mm); eight or nine supralabial scales (vs.
10 scales); tubercles on lower flanks present (vs. absent); 22-25 lamellae under 4" toe
(vs. 26-28 lamellae); enlarged median row of subcaudal scales present (vs. absent); and
yellow coloration in the subcaudal region present (vs. absent).

Cnemaspis samui sp. nov. is distinguished from C. chanardi Grismer et al. 2010
by having maximum SVL 42.3 mm (vs. 40.9 mm); 22-25 lamellae under 4" toe (vs.
26-29 lamellae); single median row of subcaudals keeled (vs. smooth); and ventrolat-
eral caudal tubercles anteriorly present (vs. absent).

Cnemaspis samui sp. nov. is distinguished from C. huaseesom Grismer et al. 2010 by
having maximum SVL of 42.3 mm (vs. 43.5 mm); pore-bearing precloacal scales row
separated (vs. continuous); 25—27 paravertebral tubercles (vs. 18—24 tubercles); ventral
and subcaudal scales keeled (vs. smooth); single median row of subcaudals keeled (vs.
smooth); enlarged median row of subcaudal scales present (vs. absent); ventrolateral
caudal tubercles anteriorly present (vs. absent); and subtibial scales keeled (vs. smooth).
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Table 6. Meristic character state and color pattern of species in the Cremaspis siamensis group. SVL taken

in millimeters and measurement abbreviations are defined in the text. — = data unavailable, w = weak.
Characters / Species .
- 3 ) £ "%
s P 5 3 :
5 3§ - g 8 3 §
5 3 § & § § & s 5§ & . 3
£ & L Y o: 3 %3 . £ o§ ¥ % o3
¢ §8 § 3§ 1 T T T . 3
I T § 4 § 1+ & 3 3§ % 3
C & O & < < < < < < < < S] < S]
Sample size 18 4 15 25 5 4 19 8 2 5 2 12 6 3
Maximum SVL 42.3 48.1 449 409 435 37.8 41.8 413 420 496 362 397 390 447
Supralabial scales 8or9 8or9 10 810 7-10 8or9 9 8or9 10 8 10or 8or9 10or 8or9
11 11
Infralabial scales 8or9 7or8 9 8 69 7o0r8 9 T7or8 10 7or8 10 6-8 9-11 79
No. of pore-bearing 5-8 1 68 68 58 Gor7 47 36 4 0 6or7 0 0 4
precloacal scales
Pore-bearing precloacal 0 - 0 0 1 1 0 0 1 - 1 - - 0
scales row continuous (1)
or separated (0)
Pore-bearing precloacal 0 0 0 0 0 1 0 0 0 - 1 - - 0
scales elongate (1) or
round (0) shapes
No. of paravertebral 2527 240r25 2325 22-25 18-24 1924 19-21 2229 22 2427 16-18 19-25 15-19 25-29
tubercles
Paravertebral tubercles 0 0 0 0 wor0 w 1 wor0 1 w 0 0 1 0

linearly arranged (1) or

more random (0)

Tubercles present (1) or 1 1 0 1 1 1 1 worl 0 1 0 1 1 1
absent (0) on lower flanks

No. of 4" toe lamellae 22-25 23 0r24 26-28 26-29 21-31 24-28 27-29 25-28 29 29-31 22 2426 24 24-28

Ventral scales keeled (1) or 1 1 1 1 0 wor0 1 1 1 0 0 1 1 1

smooth (0)

Subcaudal scales keeled 1 1 1 1 0 1 1 1 1 0 0 1 1 1

(1) or smooth (0)

Single median row of 1 1 1 0 0 w 1 0 1 0 - 0 1 w
keeled subcaudals (1) or

smooth (0) scales

Enlarged median 1 0 0 1 0 w 0 0 0 1 0 1 0 1
subcaudal scales row (1)

or not (0)

Caudal tubercles restriced 0 0 0 0 0 0 1 0 1 0 - 0 1 0

to a single paravertebral

row on each side (1) or

not (0)

Ventrolateral caudal 1 1 1 0 0 0 1 0 1 1 0 0 1 0
tubercles anteriorly

present (1) or not (0)

No. of postcloacal lor2 2 1 1 lor2 lor2 1 1 2 13 2 lor2 0 1-3
tubercles in males

Subtibial scales keeled (1) 1 1 1 1 0 Oorl 1 1 1 1 0 1 1 1
or smooth (0)

Yellow coloration in the 1 0 0 1 1 0 1 1 1 0 0 0 0 0

subcaudal region present

(1) or not (0)

Ventral pattern sexually 1 1 1 1 1 0 1 1 1 1 - 1 1 1
dimorphic present (1) or

not (0)
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Figure 7. Habitats of Cnemaspis samui sp. nov. at the type locality A lowland evergreen forest with gra-

nitic outcrops B rocky stream outcrops along Lipa Yai Canal of Hin Lad Waterfall, Ko Samui, Ang Thong
Subdistrict, Ko Samui District, Surat Thani Province, Thailand.

Cnemaspis samui sp. nov. is distinguished from C. kamolnorranathi Grismer et al.
2010 by having maximum SVL 42.3 mm (vs. 37.8 mm); pore-bearing precloacal scales
row separated (vs. continuous); pore-bearing precloacal scales rounded (vs. elongated);
25-27 paravertebral tubercles (vs. 19—24 tubercles); enlarged median subcaudal scale
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row present (vs. absent); ventrolateral caudal tubercles anteriorly present (vs. absent);
yellow coloration in the subcaudal region present (vs. absent); and ventral pattern
sexually dimorphism present (vs. absent).

Cnemaspis samui sp. nov. is distinguished from C. lineatubercularis Ampai et al.
2020 by having maximum SVL 42.3 mm (vs. 41.8 mm); 25-27 paravertebral tu-
bercles (vs. 19-21 tubercles); paravertebral tubercles randomly arranged (vs. linearly
arranged); 22-25 lamellae under 4™ toe (vs. 27-29 lamellae); enlarged median row of
subcaudal scales present (vs. absent); and caudal tubercles restricted to a single paraver-
tebral row on each side absent (vs. present).

Cnemaspis samui sp. nov. is distinguished from C. omari Grismer et al. 2014 by
having maximum SVL 42.3 mm (vs. 41.3 mm); single median row of subcaudals
keeled (vs. smooth); enlarged median row of subcaudal scales present (vs. absent); and
ventrolateral caudal tubercles anteriorly present (vs. absent).

Cnemaspis samui sp. nov. is distinguished from C. phangngaensis Wood et al. 2017
by having eight or nine supralabial scales (vs. 10 scales); eight or nine infralabial scales
(vs. 10 scales); 5-8 pore-bearing precloacal scales in males (vs. four scales); pore-bear-
ing precloacal scales row separated (vs. continuous); 25-27 paravertebral tubercles (vs.
22 tubercles); paravertebral tubercles randomly arranged (vs. linearly arranged); tuber-
cles on lower flanks present (vs. absent); 22-25 lamellae under 4™ toe (vs. 29 lamellae);
enlarged median row of subcaudal scales present (vs. absent); and caudal tubercles
restricted to a single paravertebral row on each side absent (vs. present).

Cnemaspis samui sp. nov. is distinguished from C. punctatonuchalis Grismer et al.
2010 by having maximum SVL of 42.3 mm (vs. 49.6 mm); pore-bearing precloacal
scales present (vs. absent); 22-25 lamellae under 4" toe (vs. 29-31 lamellae); ventral
and subcaudal scales keeled (vs. smooth); single median row of subcaudals keeled (vs.
smooth); and yellow coloration in the subcaudal region present (vs. absent).

Cnemaspis samui sp. nov. is distinguished from C. selenolagus Grismer et al. 2020
by having maximum SVL 42.3 mm (vs. 36.2 mm); eight or nine supralabial scales (vs.
10 or 11 scales); eight or nine infralabial scales (vs. 10 scales); pore-bearing precloacal
scales row separated (vs. continuous); pore-bearing precloacal scales shape rounded
(vs. elongated); 25-27 paravertebral tubercles (vs. 16—18 tubercles); tubercles on low-
er flanks present (vs. absent); enlarged median row of subcaudal scales present (vs.
absent); ventrolateral caudal tubercles anteriorly present (vs. absent); subtibial scales
keeled (vs. smooth); and yellow coloration in the subcaudal region present (vs. absent).

Cnemaspis samui sp. nov. is distinguished from C. siamensis (Smith, 1925) by hav-
ing maximum SVL 42.3 mm (vs. 39.7 mm); pore-bearing precloacal scales present
(vs. absent); single median row of subcaudals keeled (vs. smooth); ventrolateral caudal
tubercles anteriorly present (vs. absent); and yellow coloration in the subcaudal region
present (vs. absent).

Cnemaspis samui sp. nov. is distinguished from C. thachanaensis Wood et al. 2017
by having maximum SVL 42.3 mm (vs. 39.0 mm); eight or nine supralabial scales (vs.
10 or 11 scales); pore-bearing precloacal scales present (vs. absent); 25-27 paraverte-
bral tubercles (vs. 15-19 tubercles); paravertebral tubercles randomly arranged (vs.
linearly arranged); enlarged median row of subcaudal scales present (vs. absent); caudal
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tubercles restricted to a single paravertebral row on each side absent (vs. present); one
or two postcloacal tubercles in males (vs. absent); and yellow coloration in the subcau-
dal region present (vs. absent).

Cnemaspis samui sp. nov. is distinguished from C. vandeventeri Grismer et al. 2010
by having maximum SVL of 42.3 mm (vs. 44.7 mm); 5-8 pore-bearing precloacal
scales (vs. four scales); ventrolateral caudal tubercles anteriorly present (vs. absent); and
having yellow coloration in the subcaudal region present (vs. absent).

Cnemaspis similan sp. nov.
https://zoobank.org/AF6821E3-D520-40D3-A076-EA96CFCABGE3

Figs 8-11

Ko Similan Rock Gecko

Thai common name: Jing Jok Niew Yaow Ko Similan (393nfl2en3tn1e&1au)

Holotype (Fig. 8). ZMKU R 00984, adult male from Thailand, Phang-nga Province,
Thai Mueang District, Lam Kaen Subdistrict, Mu Ko Similan National Park, Ko Similan,
Ao Nguang Chang Bay (8°64.840'N, 97°64.834'E; 13 m a.s.l.), collected on 5 March
2018 by Natee Ampai, Attapol Rujirawan, Siriporn Yodthong and Piyawan Puanprapai.

Paratypes (Fig. 9). Three adult females paratypes. ZMKU R 00985-00986 (two
adult females), same data as holotype. ZMKU R 00987 (one adult female), same data
as holotype except collected on 6 March 2018 by Natee Ampai, Attapol Rujirawan,
Siriporn Yodthong and Piyawan Puanprapai.

Diagnosis. Cnemaspis similan sp. nov. can be distinguished from all other mem-
bers of the C. siamensis group by having the following combination of characters:
(1) SVL of 47.6 mm in adult male and 38.6-48.1 mm (mean 43.6 £ 4.8 mm, NV = 3)
in adult females; (2) eight or nine supralabial and seven or eight infralabial scales;
(3) ventral scales keeled (4) one pore-bearing precloacal scale, pore rounded in male;
(5) 24 or 25 paravertebral tubercles, arranged randomly; (6) five small, elongated,
spine-like tubercles on lower flanks; (7) 23 or 24 subdigital lamellae under the 4* toe;
(8) no enlarged median subcaudal scale row; (9) ventrolateral caudal tubercles anteri-
orly present; (10) two postcloacal tubercles on lateral surface of hemipenial swellings at
tail base in male; (11) sexual dimorphism in dorsal and ventral patterns; and (12) pale
yellow reticulum on head, neck, flanks, belly and limbs only in male.

Description of holotype. An adult male in good state of preservation; 47.6 mm
SVL; head moderate in size (HL/SVL 0.26), narrow (HW/SVL 0.16), flattened (HD/
HL 0.39) and head distinct from neck; snout moderate (ES/HL 0.43), in lateral pro-
file concave; loreal region marginally inflated, canthus rostralis nearly absent; postnasal
region concave medially; scales of rostrum smooth, raised, larger than conical scales on
occiput; weak and faint supraorbital ridges; gular scales granular, keeled, rounded, jux-
taposed; throat scales granular, keeled, flat, subimbricate; shallow frontonasal sulcus; eye
large (ED/HL 0.19); pupil round; extra-brillar fringe scales small in general but slightly
larger anteriorly; scales on interorbitals and supercilium keeled; eye to ear distance great-
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Figure 8. Adult male holotype of Cremaspis similan sp. nov. (ZMKU R 00984) from Ao Nguang Chang
Bay, Ko Similan, Mu Ko Similan National Park, Lam Kaen Subdistrict, Thai Mueang District, Phang-nga
Province, Thailand, in life A dorsolateral view B dorsal view C lateral view D ventral view E precloacal
region showing distribution of pore-bearing scale (black arrow). Scale bars in dorsal, lateral, and ventral

views: 10 mm.
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er than eyes diameter (EE/ED 1.50); ear opening elongate, much taller than wide (EL/
HL 0.08); rostral concave dorsally; rostral bordered posteriorly by supranasals and later-
ally by first supralabials; 8R,L supralabials decreasing in size posteriorly; 7R,L infralabials
decreasing in size posteriorly; nostril small, elliptical, oriented dorsoposteriorly, bordered
posteriorly by small postnasal scales; mental scales large, triangular, flat, extending to
level of second infralabial scales, bordered posteriorly by three large postmental scales.

Body robust, not elongate (AG/SVL 0.41); small, raised, keeled, dorsal scales equal
in size throughout body intermixed with numerous large, keeled, multicarinate tuber-
cles; 24 paravertebral tubercles randomly arranged; five small, elongated, spine-like
tubercles on flanks; tubercles present on lower flanks; tubercles extend from occiput
to tail; pectoral and abdominal scales keeled, round, flat, imbricate; abdominal scales
larger than pectoral and dorsal scales; ventral scales of brachia smooth, raised and jux-
taposed; one pore-bearing precloacal scale, with rounded pore; precloacal depression
absent; femoral pores absent.

Fore and hind limbs moderately long, slender; scales beneath forearm slightly
raised, smooth and subimbricate; subtibial scales keeled; palmar scales keeled, flat and
subimbricate; digits long, slender with inflected joint; claws slightly recurved; sub-
digital lamellae unnotched; lamellae beneath first phalanges wide; lamellae beneath
phalanx immediately following inflection granular; lamellae of distal phalanges wide;
lamellae beneath inflection large; interdigital webbing generally absent; enlarged sub-
metatarsal scales on 1* toe present; total subdigital lamellae on fingers I-V: 15-21-22-
24-23 (right manus), 15-21-23-24-23 (left manus); fingers increase in length from
first to fourth with fifth nearly equal in length as fourth; relative length of fingers
IV>V>III1I>1; total subdigital lamellae on toes I-V: 17-20-22-24-23 (right pes), 17-
19-22-24-23 (left pes); toes increase in length from first to fourth with fifth nearly
equal in length as fourth; relative length of toes IV>V>III>1I>1.

Tail regenerated, subcylindrical, relatively swollen at the base; tail length (TL)
49.6 mm; tail length longer than head and body (TL/SVL 1.04); dorsal and ventral
scales at the tail base similar in size on mid-body dorsum; subcaudal scales keeled, jux-
taposed, larger than dorsal scale of the tail size; shallow, middorsal furrow; lateral cau-
dal furrow present; enlarged, transverse caudal tubercles arranged in segmented whorls,
encircling tail; enlarged median subcaudal scale row absent; caudal tubercles present
between upper and lower of lateral furrow; rest of the tail regenerated, slightly keeled,
imbricate scales with no enlarged tubercles; scales on ventral aspect of the regenerated
tail marginally larger in size than mid-body ventrals; 2R,L enlarge postcloacal tubercle
at lateral surface of hemipenial swellings at the tail base.

Measurements of holotype (in mm; Table 7). SVL 47.6; TL (regenerated tail)
49.6; TW 4.6; FL 6.8; TBL 8.6; AG 19.6; HL 12.4; HW 7.8; HD 4.8; ED 2.4; EE
3.6; ES5.3; EN 4.0; EL 1.0; IN 1.1; IO 3.1.

Coloration in life (Figs 8, 9). Dorsal ground color of head brown, top of head
and snout bearing diffuse, mottled with smaller yellowish markings; 3R,L vertical,
thin and fine dark stripes extending from postorbital to neck; 1R,L indistinct darker
stripes runs from preorbital to supranasal; pupil black with orange streak; irregular,
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Figure 9. Coloration of adult Cnemaspis similan sp. nov. in dorsolateral view A adult male holotype
ZMKU R 00986 B adult female paratype ZMKU R 00985 C adult female paratype ZMKU R 00986
D adult female paratype ZMKU R 00987.

faint pale yellow reticulum on lateral surface of head, neck and flanks; 1R,L light-
colored prescapular crescent on shoulder, located at forelimb insertion dorsoanteriorly;
two dark streaks form a bipartite pattern on neck; dorsal ground color of body and
tail brown with irregular black blotches except much paler brown on limbs; pale sage
vertebral blotches run from the nape to tail; flanks with smaller dark and larger pale
yellow streaks; enlarged conical spine-like yellowish tubercles on lower flanks; tubercles
on the whole body pale sage and pale yellow; digits with distinct dark and pale bands;
dorsum of limbs pale brown with dark blotches randomly arranged; ventral surfaces
pale greyish intermixed with pale yellowish blotches on gular, neck, limbs and belly; no
markings on gular and belly regions; original part of the tail brown with dark streaks
form a bipartite pattern; regenerated part of the tail brown without bands; ventral side
of tail pale greyish with no markings.

Coloration in preservative (Figs 10, 11). Overall coloration of head, body, limbs,
flanks and tail about the same as in life. Dorsal ground color of the whole-body became
faded. The pale tones of limbs and tail darker than in life. Vertebral blotches run from the
nape to tail became paler than in life. All pale yellowish coloration on head, limbs, flanks
fade to creamy white. Ventral region of the whole-body homogenously tan colored.
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Variation and additional information. Due to having only a single adult male
(N = 1), variation in adult males is currently unknown. Most paratypes approximate
the holotype in general features of body pattern and coloration. Adult females lack
pore-bearing precloacal scale. Pale yellowish markings in head, neck, limbs, flanks and
caudal regions were also absent in adult females. Three adult females have paler dorsal
markings than the holotype. ZMKU R 00985 and ZMKU R 00986 have regenerated
tails of uniform tan colored. ZMKU R 00985 has a large calcium sac on each side of
the neck. ZMKU R 00985 has also broken left 4™ pes.

Distribution. Cnemaspis similan sp. nov. is known only from the type locality at
Ao Nguang Chang Bay (8°64.840'N, 97°64.834'E; 13 m a.s.l; Fig. 12), Ko Similan,
Lam Kaen Subdistrict, Thai Mueang District, Phang-nga Province, Thailand, approxi-
mately 65 km off the mainland of Thai Mueang District, Phang-nga Province in the
Andaman Sea.

Natural history. The type locality is dominated by mixed evergreen forest with
shrub and beach forests. Ao Nguang Chang Bay is located at the southern part of
the largest island, Ko Similan (= Ko Pad). All specimens of C. similan sp. nov. were
found in granitic rocky outcrops near Ao Nguang Chang Bay during the day (1542
h) and night (2023-2049 h) with an air temperature of 28.4 °C and relative humidity
of 86%. Granitic boulder surfaces appeared to be relatively dry and cool. The male
holotype was found during the night (2023 h) on a tree near a boulder. Most paratypes
(ZMKU R 00985-00986) were found during the day time on vegetation (tree trunks,
roots, or vines) except ZMKU R 00987, which was perched on a rock wall. Cnemaspis
similan sp. nov. seems to be a diurnal rock-dwelling species. During the day, geckos
were generally active, quite wary and quickly retreated when approached or disturbed.
At night, geckos were found inactive or sleeping on vegetation near crevices or cracks
of rock boulder as high as 2 m above the ground. They were often found clinging up-
side down to the underside of rock boulder overhang. During field surveys, the larger,
nocturnal gekkonid Cyreodactylus oldhami (Theobald, 1876) was found in sympatry on
the ground and vegetation near boulders.

Etymology. The specific epithet similan is a noun in apposition and refers to the
type locality of Ko Similan.

Comparisons. Cnemaspis similan sp. nov. can be distinguished from 13 congeners
of the siamensis group (C. adangrawi, C. chanardi, C. huaseesom, C. kamolnorranathi,
C. lineatubercularis, C. omari, C. phangngaensis, C. punctatonuchalis, C. samui sp. nov.,
C. selenolagus, C. siamensis, C. thachanaensis, and C. vandeventeri) by having a unique
combination of morphological characters (Table 6) and uncorrected pairwise sequence
divergences in mtDNA (ND2) of 8.16-27.11% (Table 2).

Cnemaspis similan sp. nov. is distinguished from C. adangrawi Ampai et al. 2019 by
having maximum SVL 48.1 mm (vs. 44.9 mm); seven or eight infralabial scales (vs. nine
scales); one pore-bearing precloacal scale (vs. 6-8 scales); eight or nine supralabial scales
(vs. 10 scales); tubercles on lower flanks present (vs. absent); 23 or 24 lamellae under
4™ toe (vs. 26-28 lamellae); and two postcloacal tubercles in males (vs. one tubercle).
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Figure 10. Adult male holotype of Cremaspis similan sp. nov. (ZMKU R 00984) from Ao Nguang
Chang Bay, Ko Similan, Mu Ko Similan National Park, Lam Kaen Subdistrict, Thai Mueang District,

Phang-nga Province, Thailand, in preservative A dorsal view B ventral view C dorsal view of trunk. Scale
bar in dorsal and ventral views: 10 mm.
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Cnemaspis similan sp. nov. is distinguished from C. chanardi Grismer et al. 2010
by having maximum SVL 48.1 mm (vs. 40.9 mm); one pore-bearing precloacal scale
(vs. 6-8 scales); 23 or 24 lamellae under 4™ toe (vs. 26-29 lamellae); single median
row of subcaudal keeled (vs. smooth); enlarged median subcaudal scales row absent (vs.
present); ventrolateral caudal tubercles anteriorly present (vs. absent); two postcloacal
tubercles in males (vs. one tubercle); and yellow coloration in the subcaudal region
absent (vs. present).

Cnemaspis similan sp. nov. is distinguished from C. huaseesom Grismer et al. 2010
by having maximum SVL 48.1 mm (vs. 43.5 mm); one pore-bearing precloacal scale
(vs. 5-8 scales); ventral and subcaudal scales keeled (vs. smooth); single median row
of subcaudal keeled (vs. smooth); ventrolateral caudal tubercles anteriorly present (vs.
absent); subtibial scales keeled (vs. smooth); yellow coloration in the subcaudal region
absent (vs. present); and yellow coloration in the subcaudal region absent (vs. present).

Cnemaspis similan sp. nov. is distinguished from C. kamolnorranathi Grismer et al.
2010 by having maximum SVL 48.1 mm (vs. 37.8 mm); one pore-bearing precloacal
scale (vs. six or seven scales); pore-bearing precloacal scale row absent (vs. continuous);
pore-bearing precloacal scale rounded (vs. elongated); ventrolateral caudal tubercles an-
teriorly present (vs. absent); and ventral pattern sexually dimorphic present (vs. absent).

Cnemaspis similan sp. nov. is distinguished from C. lineatubercularis Ampai et al.
2020 by having maximum SVL 48.1 mm (vs. 41.8 mm); seven or eight infralabial
scales (vs. nine scales); one pore-bearing precloacal scale (vs. 4-7 scales); 24 or 25 para-
vertebral tubercles (vs. 19-21 tubercles); paravertebral tubercles randomly arranged
(vs. linearly arranged); 23 or 24 lamellaec under 4™ toe (vs. 27-29 lamellae); caudal
tubercles restricted to a single paravertebral row on each side absent (vs. present); two
postcloacal tubercles in males (vs. one tubercle); and yellow coloration in the subcaudal
region absent (vs. present).

Cnemaspis similan sp. nov. is distinguished from C. omari Grismer et al. 2014 by
having maximum SVL 48.1 mm (vs. 41.3 mm); one pore-bearing precloacal scale (vs.
36 scales); 23 or 24 lamellae under 4™ toe (vs. 25-28 lamellae); single median row
of subcaudal keeled (vs. smooth); ventrolateral caudal tubercles anteriorly present (vs.
absent); two postcloacal tubercles in males (vs. one tubercle); and yellow coloration in
the subcaudal region absent (vs. present).

Cnemaspis similan sp. nov. is distinguished from C. phangngaensis Wood et al. 2017
by having maximum SVL 48.1 mm (vs. 42.0 mm); eight or nine supralabial scales (vs.
10 scales); seven or eight infralabial scales (vs. 10 scales); one pore-bearing precloacal
scale (vs. four scales); 24 or 25 paravertebral tubercles (vs. 22 tubercles); paravertebral
tubercles randomly arranged (vs. linearly arranged); tubercles on lower flanks present
(vs. absent); 23 or 24 lamellae under 4® toe (vs. 29 lamellae); caudal tubercles restrict-
ed to a single paravertebral row on each side absent (vs. present); and yellow coloration
in the subcaudal region absent (vs. present).

Cnemaspis similan sp. nov. is distinguished from C. punctatonuchalis Grismer et
al. 2010 by having maximum SVL of 48.1 mm (vs. 49.6 mm); one pore-bearing pre-
cloacal scale (vs. absent); 23 or 24 lamellae under 4™ toe (vs. 29-31 lamellae); ventral
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Table 7. Descriptive measurements in millimeters and characters of the type series of Cnemaspis similan
sp. nov. H = holotype; P = paratype; — = data unavailable or absent; C = complete; R = regenerated. Meas-
urement abbreviations are defined in the text.

Characters / Museum number ZMKU R 00984 ZMKU R 00985 ZMKU R 00986 ZMKU R 00987
Sex Male Female Female Female
Type series H P P P
SVL 47.6 48.1 38.6 44.2
Tail R R R C
TL 49.6 43.2 37.6 58.2
N 4.6 4.6 4.1 4.4
FL 6.8 6.9 6.2 6.6
TBL 8.6 8.8 7.5 8.4
AG 19.6 19.8 16.6 19.4
HL 12.4 12.6 10.4 12.1
HW 7.8 7.9 6.5 7.7
HD 4.8 4.9 4.1 4.6
ED 2.4 2.4 2.1 2.3
EE 3.6 3.7 3.0 3.4
ES 5.3 5.4 4.3 4.9
EN 4.0 4.1 3.4 3.7
EL 1.0 1.0 0.9 1.0
10 3.1 3.2 2.6 2.6
IN 1.1 1.1 0.9 1.0
Supralabial scales 8 9 9 9
Infralabial scales 7 8 8 8
No. of precloacal pores 1 - - -
Precloacal pore continuous (1) or separated (0) - - - -
Precloacal pores elongate (1) or round (0) 0 - - -
No. of paravertebral tubercles 24 25 25 24
Tubercles linearly arranged (1) or more random (0) 0 0 0 0
Tubercles present (1) or absent (0) on lower flanks 1 1 1 1
No. of 4" toe lamellae 24 24 23 23

Lateral caudal furrows present (1) or absent (0)
Pectoral scales keeled (1) or smooth (0)

Ventral scales on thigh keeled (1) or smooth (0)
Subcaudal keeled (1) or smooth (0)

Subrtibial scales keeled (1) or smooth (0)

Enlarged median subcaudal scale row (1) or not (0)

_ O = e e
— e = = = = e

Caudal tubercles restricted to the single paravertebral row
on each side (1) or not (0)

and subcaudal scales keeled (vs. smooth); single median row of subcaudal keeled (vs.
smooth); and enlarged median subcaudal scales row absent (vs. present).

Cnemaspis similan sp. nov. is distinguished from C. samui sp. nov. by having maxi-
mum SVL 48.1 mm (vs. 42.3 mm); one pore-bearing precloacal scale (vs. 5-8 scales);
enlarged median subcaudal scales row absent (vs. present); and yellow coloration in the
subcaudal region absent (vs. present).

Cnemaspis similan sp. nov. is distinguished from C. selenolagus Grismer et al. 2020
by having maximum SVL 48.1 mm (vs. 36.2 mm); eight or nine supralabial scales
(vs. 10 or 11 scales); seven or eight infralabial scales (vs. 10 scales); one pore-bearing
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Figure 1. Cnemaspis similan sp. nov. in preservative A dorsal view (top panel) B ventral view (bottom
panel); from left to right: ZMKU R 00984-00987. Scale bar in dorsal and ventral views: 10 mm.

10 mm

precloacal scale (vs. six or seven scales); pore-bearing precloacal scale shape rounded (vs.
elongated); 24 or 25 paravertebral tubercles (vs. 16-18 tubercles); tubercles on lower
flanks present (vs. absent); ventral and subcaudal scales keeled (vs. smooth); ventro-
lateral caudal tubercles anteriorly present (vs. absent); and subtibial scales keeled (vs.
smooth).

Cnemaspis similan sp. nov. is distinguished from C. siamensis (Smith, 1925) by having
maximum SVL 48.1 mm (vs. 39.7 mm); one pore-bearing precloacal scale (vs. absent);
single median row of subcaudal keeled (vs. smooth); enlarged median subcaudal scales
row absent (vs. present); and ventrolateral caudal tubercles anteriorly present (vs. absent).

Cnemaspis similan sp. nov. is distinguished from C. thachanaensis Wood et al. 2017
by having maximum SVL 48.1 mm (vs. 39.0 mm); eight or nine supralabial scales
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Figure 12. Habitats of Cnemaspis similan sp. nov. at the type locality A mixed evergreen forest with

shrub and beach forests B microhabitat of holotype on tree near granitic rock boulder € microhabitat of
paratypes in granitic rock boulder D microhabitat of paratypes in rock wall with vegetations (tree trunk,
root or vine) of Ao Nguang Chang Bay, Ko Similan, Mu Ko Similan National Park, Lam Kaen Subdistrict,
Thai Mueang District, Phang-nga Province, Thailand.
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(vs. 10 or 11 scales); seven or eight infralabial scales (vs. 9—11 scales); pore-bearing
precloacal scale present (vs. absent); 24 or 25 paravertebral tubercles (vs. 15-19 tuber-
cles); paravertebral tubercles randomly arranged (vs. linearly arranged); caudal tuber-
cles restricted to a single paravertebral row on each side absent (vs. present); and two
postcloacal tubercles in males (vs. absent).

Cnemaspis similan sp. nov. is distinguished from C. vandeventeri Grismer et al.
2010 by having maximum SVL 48.1 mm (vs. 44.7 mm); one pore-bearing precloacal
scale (vs. four scales); enlarged median subcaudal scales row absent (vs. present); and
ventrolateral caudal tubercles anteriorly present (vs. absent).

Discussion

Historically, most Thai Cnemaspis were known from areas of limestone karsts and granitic
rock formations on the mainland in western, eastern and southern Thailand (Smith 1925;
Taylor 1963; Bauer and Das 1998; Grismer et al. 2010, 2020; Wood et al. 2017; Ampai et
al. 2020). Only five species of Thai Cremaspis have been found on offshore islands, includ-
ing C. tarutaoensis Ampai et al. 2019 in the kumpoli group and four species in the siamensis
group, C. adangrawi Ampai et al. 2019, C. chanardi Grismer et al. 2010, C. siamensis
(Smith, 1925) and C. vandeventeri Grismer et al. 2010. The discoveries and descriptions
of C. samui sp. nov. and C. similan sp. nov. increase the total number of Southeast Asian
Cnemaspis to 66 species, of which 21 occur in Thailand. This also increases the number of
insular species in Thailand from five to seven. Remarkably, the geographic distribution of
C. chanardi is relatively large and discontinuous across limestone karsts and granitic for-
mations in southern Thailand (Grismer et al. 2014). This study suggests that C. chanard;
might actually represent a complex of species in southern Thailand. Additional data on
all C. chanardi populations are needed to better delineate species boundaries and estimate
their phylogenetic relationships within the siamensis group (Wood et al. in prep).

This study revealed two unrecognized species of Cnemaspis in granitic areas of
southern Thailand, suggesting that additional sampling might reveal more species
in this region. Additionally, the phylogenetic analyses of the siamensis group
confirmed that C. chanardi and C. kamolnorranathi are strongly supported members
of the siamensis group. Previously, Grismer et al. (2010) described C. chanardi and
C. kamolnorranathi based only on a combination of morphometric and meristic
characters. The phylogenetic placements shown here based on the mtDNA (ND2) of
C. chanardi and C. kamolnorranathi verified the hypotheses of Grismer et al. (2010,
2014) based on morphological and color pattern characters. The phylogenetic position
of C. chanardi is the sister species to a clade composed of C. phangngaensis and the new
species C. similan sp. nov., while C. kamolnorranathi is the sister species to the other
new species, C. samui sp. nov. The north-south division of the siamensis group shown
here is concordant with previous studies (Grismer et al. 2014, 2020; Wood et al. 2017;
Ampai et al. 2019, 2020; Lee et al. 2019) that revealed a northern clade of six species
(C. huaseesom, C. punctatonuchalis, C. selenolagus, C. siamensis, C. thachanaensis,and
C. vandeventeri) and a southern clade of nine species (C. adangrawi, C. chanardsi,
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C. kamolnorranathi, C. lineatubercularis, C. omari, C. phangngaensis, C. roticanai, C.
samui sp. nov., and C. similan sp. nov.). The diversification of the siamensis group
could be linked to the timing of sea level fluctuations that exposed the dispersal
corridors between mainland and offshore islands of the Sunda Shelf (Voris, 2000;
Sathiamurthy and Voris 2006; Woodruff, 2010). Additional field surveys in unexplored
and overlooked areas, particularly in both limestone karst and granitic formations,
are needed to better evaluate species diversity and further understand the complex
biogeography of Cnemaspis in Thailand and adjacent areas.
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Appendix |. List of comparative specimens examined

Cnemaspis adangrawi: Thailand, Satun Province, Mueang Satun District, Ko Adang:
ZMKU R 00767 (male holotype), ZMKU R 00769-70, THNHM 28206-09 (6
males), ZMKU R 00768, ZMKU R 00771 (2 females); Thailand, Satun Province,
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Mueang Satun District, Ko Rawi: ZMKU R 00773, ZMKU R 00775, THNHM
28210 (3 adult males), ZMKU R 00774, THNHM 28211 (2 females).

Cnemaspis chanardi: Thailand, Trang Province, Nayong District, Ban Chong:
THNHM 06983 (male holotype); Krabi Province, Klong Thom District: THNHM
012439—40 (males); Mueang Krabi Distric: THNHM 012436-37 (males), THN-
HM 012438 (female); Nakhon Si Thammarat Province, Tha Sala District: THNHM
020992 (male); Lansaka distric: THNHM 014111 (immature male); Noppitam dis-
trict: THNHM 013838 (male), THNHM 010705 (male); Surat Thani Province, Mu
Ko Ang Thong, Mueang Surat Thani Distric: THNHM 016074 (female).

Cnemaspis huaseesom: Thailand, Kanchanaburi Province, Sai Yok District, Sai Yok
National Park: THNHM 15909 (male holotype).

Cnemaspis lineatubercularis: Thailand, Nakhon Si Thammarat Province, Lan Saka
District, Wang Mai Pak Waterfall: ZMKU R 00828 (male holotype); ZMKU R
00821-31 (males); THNHM 28694-95 (males); ZMKU R 00826 (female); THN-
HM 28696-97 (females); ZMKU R 00832-35 (females).

Cnemaspis niyomwanae: Thailand, Trang Province, Palean District, Thum Khao
Ting: THNHM 15909 (female holotype).

Cnemaspis punctatonuchalis: Thailand, Prachuap Khiri Khan Province, Thap Sakae
District, Huay Yang National Park: THNHM 02001 (male holotype).

Cnemaspis siamensis: Thailand, Nakhon Si Thammarat Province, Lan saka District:
THNHM 013828 (male); Tha Sala Distric: THNHM 018265 (male); Chumpon
Province, Mueang Chumpon District: THNHM 0372 (male); Phato District: THN-
HM 01086 (male); Surat Thani Province, Vibhawadee District: THNHM 01084 (fe-
male); Mu Ko Ang Thong, Mueang Surat Thani Distric: THNHM 015624 (female).

Cnemaspis vandeventeri: Thailand, Ranong Province, Kapur District, Klong Naka:
THNHM 08261 (male holotype), THNHM 08260 (female).
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Table S1

Authors: Natee Ampai, Attapol Rujirawan, Siriporn Yodthong, Korkhwan

Termprayoon, Bryan L. Stuart, Perry L. Wood Jr, Anchalee Aowphol

Data type: excel file

Explanation note: Significant p-values of the ANOVA analyses (Tukey’s HSD; p<0.05)
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Abstract

Three new species of the leathopper genus Mitjaevia Dworakowska 1970, M. bijiensis sp. nov., M. solitaria
sp. nov., and M. salaxia sp. nov., are described from the Karst region of Southwest China. Specimens
studied were taken by sweep net. Morphological descriptions, depictions of habitus and illustrations of
male terminalia are provided. A key and checklist to known species occurring in China are given.

Keywords

Homoptera, morphology, new taxa, taxonomy

Introduction

The genus Mitjaevia was designated by Dworakowska in 1970 belonging to the tribe
Erythroneurini of the subfamily Typhlocybinae (Hemiptera: Cicadellidae). Some
members of the genus are known as important agricultural pests in the world. Mitjaevia
Dworakowska share similar features with Diomma Motschulsky and Kusala Dworakowska
such as the vertex and pronotum, usually with dark spots or stripes; the style with apex
slender and curved; and connective with two strong lateral arms but can be distinguished by
the combination of the following characters: (1) pygofer lobe with numerous microsetae or

Copyright Guimei Luo et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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microtrichia near caudal area and basal lower angle without clusters of long macrosetae; (2)
abdominal apodemes small, not extending beyond hind margin of 3* sternite; (3) forewing
semitransparent, light brown or brown, often decorated with white or milky patches.

Later, Song et al. (2011) and Dmitriev (2020) supplemented features of dorsum,
eyes, legs, abdomen, pygofer and pygofer dorsal appendage of Mitjaevia and also noted
that forewings possess four apical cells, subgenital plates contains 2—4 basal macrochae-
tae and the aedeagus has a distal short apical processes, toothlike or absent. The species
of this genus are mainly distributed in the Palearctic and Oriental regions. Until now,
19 species have been described, of which 11 species are in China (see Checklist). In the
present paper, three new species of Mitjaevia from Guizhou Province are proposed to
the Chinese fauna. A key to recognize all Chinese species is provided.

Materials and methods

Specimens for this study were collected on roadside weeds in Karst (Guizhou Province,
China) by sweep net. The morphological terms used in this study followed Dietrich
(2005) and Song and Li (2013). A KEYENCE VHX-5000 digital microscope was
used to take pictures of male habitus. The Olympus BX53 microscope was used to dis-
sect the male genital and the Olympus SZX16 microscope was used for viewing and
drawing the male genital. Body length was measured from the apex of vertex to the tip
of forewing. All specimens examined were deposited in The School of Karst Science
collection, at Guizhou Normal University (GZNU).

Taxonomy

Mitjaevia Dworakowska
Mitjaevia Dworakowska, 1970: 763.

Type species. Erythroneura amseli Dlabola, 1961.

Type locality. Afghanistan.

Diagnosis. Yellow with brown markings; vertex usually with a pair of dark brown
spots; pronotum with brown markings or completely dark; scutellum with dark basal
triangles; forewing hyaline with several dark patches; abdomen ventrally and subgeni-
tal plates dark. Head distinctly narrower than pronotum.

Male genitalia. Pygofer caudally rounded or angulate, weakly sclerotized cau-
dally; dorsal pygofer appendage movably articulated, not extended beyond pygo-
fer apex. Style distally slender with apex foot-like; preapical lobe large. Subgenital
plates extended beyond pygofer, darkly pigmented, gradually curved dorsad, with
three or more macrosetae of differing length present in middle. Aedeagus with shaft
tubular, straight or curved dorsad in lateral view, with or without basal processes;
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preatrium developed. Connective Y- or M-shaped, with short stem and arms, cen-
tral lobe well developed.
Distribution. Palaearctic and Oriental regions.

Checklist of species of Mitjaevia from China

M. aurantiaca Mitjaev, 1969: 1044 (pl. 3, figs 1, 2); Song & Li, 2014: 111, (pl. 2.71,
figs D-F; 1, ], M, §S).

M. bifurcata Luo, Song & Song, 2021: 3-6, fig. 2.

M. diana (Distant, 1918: 100, Tjphlocyba); Dworakowska, 1970: 765 (lectotype des-
ignated by inference); Dworakowska, 1980: 179, figs 252-262; Song & Li, 2014:
112 (pl. 2.72, igs D-F; 1, ], M).

M. dworakowskae Chen, Song & Webb, 2020: 34-39, figs 28—41.

M. korolevskayae Dworakowska, 1979: 44-45, figs 349-358; Song & Li, 2014: 113
(pl. 2.73, figs D-F; I, J, M).

M. nanaoensis Chiang & Knight, 1990: 223, fig. 18.

M. protuberanta Song, Li & Xiong, 2011: 27-29, figs 1-10.

M. bijiensis sp. nov.

M. ramosa Luo, Song & Song, 2021: 6-8, fig. 5.

M. salixia sp. nov.

M. shibingensis Chen, Song & Webb, 2020: 34, fig. 15-27.

M. solitaria sp. nov.

M. tappana Chiang & Knight, 1990: 225, fig. 19.

M. wangwushana Song, Li & Xiong, 2011: 29-30, figs 11-19.

Key to species of Mitjaevia from China (males)

1 Aedeagus with single or paired processes ...........cccoeevvirrueueriininineeiinreeene, 2
—  Acdeagus WithOUL PrOCESSES......coveveuiuiuirieiiieieiciiiieeeee e 10
2 Aedeagal shaft with paired processes...........cccoeovvivuviieiciiinnneciiiieeeecnes 3
—  Aecdeagal shaft with single process (Fig. 25) ......cccccevuiennne. M. solitaria sp. nov.
3 Aedeagus with apical, subapical or basal processes, but not dorsally .................. 4
—  Aedeagus only with dorsal processes..........ccoovueveueicinineneiecinnnnns M. bifurcata
4 Aedeagal shaft with apical process ..........cccoeuvieciiiinnieiiiicccee, 5
—  Aedeagal shaft without apical process.........cceeeueiririnirieciiiniinecccseeeee 7
5  Aedeagal shaft with unbifurcated apical process (Fig. 17) .... M. bijiensis sp. nov.
—  Aedeagal shaft with bifurcated apical process..........ccocoueveuiiiinnnicicininneenne. 6
6 Aedeagal shaft with pair of asymmetric bifurcated short processes at apex ..........

......................................................................................................... M. ramosa
—  Aedeagal shaft with pair of symmetrical bifurcated short processes at apex..........

............................................................................................................ M. diana
7 Aedeagal shaft with paired processes subapically..........ccccoovveiiiiinnnniine. 8

—  Aedeagal shaft without paired processes subapically .........c.ccccvveeiininnncnne. 9
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8  Aedeagal shaft with pair of small, triangle-like processes subapically....................

................................................................................................ M. protuberanta
—  Aedeagal shaft with pair of long, curved processes subapically..... M. wangwushana
9  Aedeagal shaft with finger-like basal processes ventrally............... M. aurantiaca

Aedeagal shaft with lamellate-like basal processes ventrally (Fig. 33) ..................
............................................................................................. M. salaxia sp. nov.

10  Preatrium of aedeagus long in lateral view.........ccccccciiviniiiiiinniiccinn 11
—  Preatrium of aedeagus short in lateral view..........cccoeeeiinnnnennne. M. tappana
11 Aedeagal shaft cylindrical, evenly tapered from base to apex.........cccccecucuinnne. 12
—  Aedeagal shaft laterally compressed, abruptly tapered from subapically to apex....13
12 Aedeagus dorsal apodeme visible in lateral view ...................... M. korolevskayae
—  Aedeagus dorsal apodeme absent or vestigial in lateral view.......... M. nanaoensis
13 Aedeagal shaft with rounded apex in lateral view; preatrium expanded in ventral

VIBW 1ttt M. shibingensis

—  Aedeagal shaft with acute apex in lateral view; preatrium narrow in ventral view.
.............................................................................................. M. dworakowskae

Descriptions

Mitjaevia bijiensis sp. nov.
https://zoobank.org/77C7830A-4369-4A7E-96C6-D099579FDCO07
Figs 1-5, 16-23

Material examined. Holotype: d, Cuina: Guizhou Province, Bijie, 6.V1.2021, coll.
Jia Jiang and Ni Zhang. Paratypes: 1 @, same data as holotype.

Diagnosis. The new species can be distinguished from other species by the ae-
deagal shaft long with two apical processes; preatrium of aedeagus with two atrial
processes. The head and pronotum yellow. Pygofer dorsal appendage tapered to apex
and bent back into a hook shape. Style apex slightly expanded, underpart straight and
thick. Connective with large central lobe.

Description. Head and thorax yellow marked with brown; vertex with a pair of
dark brown spots (Figs 1-4). Pronotum yellow, with irregularly dark brown patch
medially (Figs 1, 3). Scutellum yellow, transverse impression distinct. Face brown-
ish yellow (Fig. 1); anteclypeus with black patches at sides basally (Fig. 4). Forewing
brownish, with large milky white or whitish patches.

Abdominal apodemes long, exceeding posterior margin of 3" sternite (Fig. 23).

Male genitalia. Pygofer lobe broad, with sparse fine setae on lateral surface
(Fig. 20). Pygofer dorsal appendage slightly expanded at base, bends up and down
and tapers gradually (Fig. 21). Subgenital plate with three macrosetae of different
lengths medially (Fig. 19). Style long and strong; preapical lobe large (Fig. 16).
Aedeagal shaft long, with pair of short bifurcate apical processes; preatrium also with
two atrial processes (Figs 17, 18). Connective M-shaped, with distinct stem and
central lobe (Fig. 22).

Bodly length (including wings). 4,2.9-3.0 mm, ¢, 2.8-2.9 mm.
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Figures 1-15. External morphology of Mitjaevia species 1=5 Mitjaevia bijiensis sp. nov. | habitus, dorsal
view 2 habitus, lateral view 3 head and thorax, dorsal view 4 face 5 female thorax and abdomen, ventral view
6-10 Mitjaevia solitaria sp. nov. 6 habitus, dorsal view 7 habitus, lateral view 8 head and thorax, dorsal view
9 face 10 female thorax and abdomen ventral view | I1=15 Mitjaevia salaxia sp. nov. 11 habitus, dorsal view
12 habitus, lateral view |13 head and thorax, dorsal view 14 face 15 female thorax and abdomen, ventral view.
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Figures 16-23. Mitjacvia bijiensis sp. nov. 16 style 17 aedeagus, ventral view 18 aedeagus, lateral view

19 subgenital plate 20 male pygofer, lateral view 21 pygofer dorsal appendage, lateral view 22 connective
23 abdominal apodemes.

Remarks. The new species is similar to Mitjaevia diana (Distant, 1918) but can be
distinguished by the aedeagal shaft with two apical processes and preatrium of aedea-
gus with two atrial processes; the style apex slightly expanded, underpart straight and
thick; the connective with large central lobe.

Etymology. The new species is named after its type locality Bijie City in China.

Mitjaevia solitaria sp. nov.

https://zoobank.org/29D48CC0-BE39-4F3D-983C-53FE2CD472B3
Figs 6-10, 24-31

Material examined. Holotype: &, Crina: Guizhou Province, Bijie, 6.V1.2021, coll.
Jia Jiang and Ni Zhang. Paratypes: 18 33,3 99, same data as holotype.
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Diagnosis. The new species can be distinguished from other species by the aedea-
gal shaft with only one thick finger-like process at base. Pygofer dorsal appendage not
extended beyond hind margin of pygofer. Style strong; preapical lobe obvious. Sub-
genital plate wide and short with one hook-like process on apex.

Description. Vertex yellowish (Fig. 6). Pronotum mostly grayish black (Figs 6,
8). Scutellum yellowish, transverse impression distinct (Fig. 6). Face brownish yellow;
anteclypeus brownish except lighter base (Fig. 9). Forewing brownish, with large milky
white or whitish patches.

Abdominal apodemes small, located in 3" sternite (Fig. 31).
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Figures 24-3 1. Mitjaevia solitaria sp. nov. 24 style 25 aedeagus, ventral view 26 aedeagus, lateral view
27 subgenital plate 28 male pygofer, lateral view 29 pygofer dorsal appendage, lateral view 30 connective
31 abdominal apodemes.
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Male genitalia. Pygofer dorsal appendage weakly expanded at base, not ex-
tended beyond hind margin of pygofer (Fig. 29). Pygofer lobe broad, with fine
setae scattered outer lateral surface (Fig. 28). Subgenital plate wide and short, with
three macrosetae on lateral surface, and one hook-like process on apex (Fig. 27).
Style strong; preapical lobe obvious (Fig. 24). Aedeagal shaft as long as or little
shorter than that of preatrium, with one finger-like process basally; dorsal apodeme
small (Figs 25, 26). Connective Y-shaped; arms and central lobe slender (Fig. 30).

Body length (including wings). &, 3.1-3.2 mm, ¢, 3.0-3.2 mm.

Remarks. The new species is similar to M. aurantiaca (Mitjaev, 1969), but can be
distinguished by the aedeagal shaft with only one thick finger-like process at base; the
style is stronger and the subgenital plate is shorter and wider.

Etymology. The new species is named from the Latin word so/itarius, referring to
the aedeagal shaft with only one processes at the base.

Mitjaevia salaxia sp. nov.
https://zoobank.org/278419B3-C800-4929-A7AD-6BIBBBFAA056
Figs 11-15, 32-39

Material examined. Holotype: &, Crina: Guizhou Province, Bijie, 5.V1.2021, coll.
Jia Jiang and Ni Zhang. Paratypes: 1 33, 6 99, same data as holotype.

Diagnosis. The new species can be identified by the two pairs of abdominal ap-
odemes and the aedeagal shaft with lamellate-like processed at base. Style apex long
and slender. Subgenital plate long, expanded near caudal.

Description. Vertex pale yellow (Fig. 11). Pronotum yellowish, with symmetrical
brownish black impressed patches medially (Figs 11, 13). Scutellum (Fig. 11) yellow,
with basal triangles black and area under transverse impression black too. Face brown-
ish gray; anteclypeus with central area brownish (Fig. 14). Forewing brownish, with
large milky white or whitish patches.

Second abdominal apodemes and third abdominal apodemes small and short, la-
mellate, not exceeded 3" sternite (Fig. 39).

Male genitalia. Pygofer dorsal appendage simple, curved upward in lateral view,
hook-like apically (Fig. 37). Pygofer lobe broad, with many long fine setae on lateral
surface, with a small process at caudal edge ventrally (Fig. 36). Subgenital plate long,
with three macrosetae near apex (Fig. 35). Style apex long and slender; preapical lobe
large (Fig. 32). Aedeagal shaft slender, with pair of long processes arising from base
(Figs 33, 34). Connective Y-shaped; stem slender; arms and central lobe well devel-
oped (Fig. 38).

Bodly length (including wings). 4,3.0-3.1 mm, ¢, 2.9-3.0 mm.

Remarks. The new species is similar to M. protuberanta Song, Li & Xiong, 2011,
but differs in having the “lamellate” processed arising from base of aedeagal shaft and
not branched at apex; with two pairs of abdominal apodemes.

Etymology. The new species is named after its type locality Salaxi town.
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36

Figures 32-39. Mitjaevia salaxia sp. nov. 32 style 33 aedeagus, ventral view 34 aedeagus, lateral view
35 subgenital plate 36 male pygofer, lateral view 37 pygofer dorsal appendage, lateral view 38 connective
39 abdominal apodemes.

Discussion

In recent years, most research on Chinese Erythroneurine leathoppers has been
intensified and focused to enrich the taxonomic knowledge of this tribe and taxonomists
have paid attention to documenting taxa using efficient descriptions, high-quality
drawings, and photographs. The Guizhou province is located on the eastern slope of
the Yunnan-Guizhou Plateau in southwestern China and has a particularly subtropical
humid monsoon climate with four distinct seasons, abundant rainfall, seasonal
temperature variations and high vegetation coverage, which is conducive to the
survival and reproduction of leathoppers. Since establishment of this genus, 19 species
of Mitjaevia have been described worldwide, and more than half of valid species were
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found in China. Here, a comparison revealed that three new species shared similarities
with already known species but differences were found, for example, the aedeagal shaft
of M. bijiensis sp. nov. and M. diana have apical processes, but M. bijiensis sp. nov.
dispose processes arising from preatrium of aedeagus, while M. diana shows another
processes at base of aedeagal shaft. Mitjaevia. solitaria sp. nov. and M. aurantiaca also
have a single process at base of aedeagal shaft, not paired. Moreover, the subgenital
plate is short and wide but in latter species it is long or thin. Mitjaevia. salaxia sp. nov.
is similar to M. protuberanta but differs in having lamellate-like processes arising from
the base of aedeagal shaft and not branched at apex.
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Abstract

The genus Japonitata is redefined based on comparison with its allied genera Paraplotes Laboissicre, 1933
and Shairella Ch(j6, 1962. Japonitata quadricostata Kimoto, 1996 and /. caerulea Kimoto, 1996 are trans-
ferred to Shairella. Japonitata houjayi sp. nov. and J. jungchani sp. nov. are described. Biological infor-
mation is provided for /. houjayi sp. nov. In addition, the generic boundary of Shairella is redefined by
including S. guadricostata and S. caerulea.

Keywords

Host plant, leaf beetles, new combination, nomenclature, Paraplotes, Shairella, taxonomy

Introduction

Weise (1922) described a new genus, japonia Weise, 1922, based on the species
Phyllobrotica nigrita Jacoby, 1886. However, Japonia a junior homonym of a snail genus
(Gould 1859). A replacement name, Japonitata, was proposed by Strand (1935). This
genus is composed more than 30 species in the Oriental and Palaearctic regions (Nie et
al. 2017). Most species (90%) were described after 1980 and 60% were described from

Copyright Chi-Feng Lee. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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China (Kimoto 1970, 1996, 2004; Chen and Jiang 1981, 1986; Jiang 1989; Yang 1992;
Yang et al. 1997; Medvedev and Sprecher-Uebersax 1998, 1999; Yang and Li 1998;
Medvedev 2012). Although most species were described during the past 50 years, none
or few morphological characters were illustrated or included in species descriptions.

In Taiwan, only two species were described by Kimoto (1996), with no additional
information provided since then. The Taiwan Chrysomelid Research Team (TCRT)
was founded in 2005 and is composed of ten members. All of them are amateurs inter-
ested in producing a complete inventory of chrysomelid species in Taiwan. Members
of TCRT have collected sufficient material of the two Taiwanese species of Japonitata
to allow their biology to be explored. These two species are different not only in color
forms (red vs. black) and behavior (diurnal vs. nocturnal), but also in morphology.
Nocturnal species shows great similarity to species of Shairella Chiijo, 1962. Two more
species are now available for study with help from citizen scientists and loans from
museums. In addition, Japonitata Strand is similar to Paraplotes Laboissiére and some
species of both genera have been confused. For example, /. clavata Yang & Wu, 1998 is
a junior synonym of P clavicornis Gressitt & Kimoto, 1963 and P, rugatipennis (Chen
& Jiang, 1986) was transferred from Japonitata by Zhang et al. (2008); /. indica (Taki-
zawa & Basu, 1987) was transferred from Paraplotes by Medvedev (2002). Diagnostic
characters proposed by Zhang et al. (2008) for both genera are evaluated here. In this
study, besides describing new species and redescribing known species, the taxonomic
status of these is evaluated by redefining the genus Japonitata and its allied genera,
Paraplotes and Shairella.

Materials and methods

For taxonomic study, the abdomens of adults were separated from the forebodies and
boiled in 10% KOH solution, followed by washing in distilled water to prepare geni-
talia for illustrations. The genitalia were then dissected from the abdomens, mounted
on slides in glycerin, and studied and drawn using a Leica M165 stereomicroscope. For
detailed examinations a Nikon ECLIPSE 50i microscope was used.

At least three pairs from each species were examined to delimit variability of diag-
nostic characters. For species collected from more than one locality, at least one pair
from each locality was examined. Length was measured from the anterior margin of
the eye to the elytral apex, and width at the greatest width of the elytra.

Specimens studied herein are deposited at the following institutes and collections:

NMNS  National Museum of Natural Science, Taichung, Taiwan [Jing-Fu Tsai]

OMNH  Osaka Museum of Natural History, Osaka, Japan [Shunpei Fujie]

SEHU  Laboratory for Systematic Entomology, Hokkaido University, Sapporo,
Japan [Masahiro Ohara]

TARI Applied Zoology Division, Taiwan Agricultural Research Institute,
Taichung Taiwan



Japonitata in Taiwan 173

Exact label data are cited for all type specimens of described species; a double slash
(/1) divides the data on different labels and a single slash (/) divides the data in differ-
ent rows. Other comments and remarks are in square brackets: [p] — preceding data
are printed, [h] — preceding data are handwritten, [w] — white label, [y] — yellow label,
and [r] — red label.

For redefining the genus Japonitata, specimens of the type species, /. nigrita,
were studied: 19 (OMNH), % H 11, Nara Pref., 11.V1.1968, leg. O. Tominaga; 1%
(OMNH), Hirakura, Mie Univ. Forest, 7.VII.1954, leg. Z. Naruse.

Taxonomy

Japonitata Strand, 1935

Japonia Weise, 1922: 70 (Type species: Phyllobrotica nigrita Jacoby, 1885).
Japonitata Strand, 1935: 294 (replacement name for Japonia Weise, 1922 nec
Gould, 1859).

Diagnosis. Japonitata can be separated from Paraplotes by the presence of posteriorly
open anterior coxal cavities (closed in Paraplotes); pronotum longer, 1.5-1.7 x wider
than long (pronotum short, 2.4-2.9 x wider than long in Paraplotes), basal border
immarginate (basal border margined in Paraplotes); disc with lateral depressions (disc
with transverse depressions in Paraplotes); disc of elytra with reduced punctures (disc of
elytra with fine or coarse punctures in Paraplotes), with one more longitudinal ridge in
addition to lateral ridge. Other characters proposed by Zhang et al. (2008) are not di-
agnostic. Antennae are variable among Paraplotes species. For example, ratios of length
to width from antennomeres I-XI of males of P riwana Chjo, 1963: 3.2: 1.6: 2.4:
2.8:2.8:2.1: 2.3: 2.2: 2.9: 3.1: 4.6; antennomeres VI-VIII much shorter than those
of J. jungchani sp. nov., but much narrower in those of P cheni Lee, 2015 (sympatric
with P taiwana), ratios of length to width from antennomeres I-XI of males 3.3: 1.6:
3.1:3.3: 3.5: 3.1: 3.4: 3.7: 3.6: 3.9: 5.0. These characters are not diagnostic for either
genus. The rugose or pubescent disc of the elytra occurs in some species of Paraplotes.
Thus, it is not diagnostic. Appendiculate tarsal claws occur in both genera, with no
difference between them. Some genitalic characters are diagnostic. Aedeagi of adults
of Japonitata have a well sclerotized, elongate tectum (variable tectum with one pair of
apico-lateral sclerites in Paraplotes), lacking endophallic spicula (with one long median
spiculum, and one or two additional pairs of lateral spicula in Paraplotes); spermathecal
receptaculum as wide as pump (spermathecal receptaculum swollen, wider than pump
in Paraplotes).

Japonitata species are also similar to those of Shairella with the lateral borders of
pronotum marginate but apical and basal borders unmargined. However, Japonitata
differs from Shairella by the posteriorly open anterior coxal cavities (closed in Shairella);
robust antennae, antennomeres [V—X less than 3.5 x longer than wide (antenna slender,
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Table . Diagnostic character states for Japonitata, Paraplotes, and Shairella.

Characters / Genera

Japonitata

Paraplotes

Shairella

Antennae

Robust, antennomeres VI-X less
than 4.0 x longer than wide

Robust, antennomeres VI-X less
than 4.0 x longer than wide

Slender, antennomeres VI-X
less than 4.0 x longer than wide

Anterior coxal cavities Open posteriorly Closed Closed
Basal border of pronotum Unmargined Margined Unmargined
Depression on pronotum Interrupted from middle Continuous Interrupted from middle

Shape of pronotum

1.5-1.7 x wider than long

Short, transverse, 2.4-2.9 x wider
than long

1.8-2.2 x wider than long

Ridges on elytra

Lateral ridge distinct, with one
more longitudinal, distinct ridge

Lateral ridge distinct, no additional
longitudinal ridges

Lateral ridge weak, without
additional longitudinal ridges

Punctures on elytra

Reduced

Fine or coarse

Reduced or fine

Median internal ridge on
abdominal ventrite V in males

Starting from base

Reduced

Starting from apex

Tectum of aedeagus

Well sclerotized, elongate

Variable, and with one pair of
apico-lateral sclerites

Membranous

Endophallic sclerites

None

One median, longitudinal spiculum
without clustered short setae, and
one or two pairs of lateral sclerites

Only one median, longitudinal
spiculum with clustered short
setae

Spermathecal receptaculum

Swollen and short, wider than
pump

Narrow and short, as wide as pump

Narrow and long, as wide as
pump

Behavior

Diurnal

Nocturnal or Diurnal

Nocturnal

antennomeres IV-X more than 3.5 x longer than wide in Shairella), with distinct
lateral ridges and an additional longitudinal, distinct ridge on each elytron (with weak
lateral ridge and no additional distinct ridge on each elytron in Shairella). Aedeagi of
adults of Japonitata have a well sclerotized, elongate tectum (membranous tectum in
Shairella); lack endophallic spicula (with one slender median speculum in Shairella);
spermathecal receptaculum short, wider than pump (spermathecal receptaculum long,
as wide as pump in Shairella). Diagnostic characters of Japonitata, Paraplotes, and
Shairella can be summarized as follows (Table 1).

Remarks. Japonitata quadricostata Kimoto, 1996 and /. caerulea Kimoto, 1996
are transferred to Shairella since both species fit the redefinition of the genus. They are
characterized by normal elytra. Shortened elytra and reduced hindwings occur in all
other species of Shairella; however, reduced hindwings also occur in some populations
of S. quadricostata.

Included species. More than 30 species are distributed in Oriental and Palaearctic
regions (Nie et al. 2017) but their taxonomic status should be re-evaluated since two
species are transferred to Shairella, and others may also require transfer.

Japonitata houjayi sp. nov.
https://zoobank.org/68D59E89-7532-41EA-AB82-B493814CD51B
Figs 1A-C, 2, 3

Types. Holotype 5 (TARI). Taipei, Shihtzutoukeng (Jili¥-5H5T), 300 m, 1.V.2010, leg.
H.-J. Chen. Paratypes: 13, 59 (TARI), same data as holotype; 47, 19 (TARI), same
but with “4.V.2010”; 43, 39 (TARI), same but with “8.V.2010”; 1, 19 (TARI),
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same but with “26.V.20107; 37, 49 (TARI), same but with “28.V.2010”; 33 (TARI),
same but with “leg. H. Lee”; 13 (TARI), same locality, 25.1V.2012, leg. H.-J. Chen.
Description. Length 5.5-6.6 mm, width 2.7-3.4 mm. General color (Fig. 1A-C)
reddish brown; antennae black; legs dark brown. Antennomeres II-XI filiform but
stout in males (Fig. 2A), ratios of lengths of antennomeres I-XI 1.0: 0.4: 0.7: 0.9: 0.8:
0.8:0.8: 0.8: 0.7: 0.7: 0.8; ratios of length to width from antennomeres I-XI 2.5: 1.5:
1.9: 2.7: 2.5: 2.5: 2.5: 2.5: 2.4: 2.4: 3.5; stout antennae in males similar in females

Figure 1. Habitus of Japonitata houjayi sp. nov. and J. jungchani sp. nov. A J. houjayi sp. nov., male,
dorsal view B ditto, ventral view C ditto, lateral view D /. jungchani sp. nov., male, dorsal view E ditto,

ventral view F ditto, lateral view.
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(Fig. 2B), ratios of lengths of antennomeres I-XI 1.0: 0.4: 0.6: 0.8: 0.8: 0.7: 0.8: 0.7:
0.7: 0.6: 0.8; ratios of length to width from antennomeres I-XI 2.5: 1.5: 2.0: 2.5: 2.4:
2.3: 2.5: 2.4: 2.6: 2.3: 2.9. Pronotum 1.6-1.7 x wider than long; disc with scarce,
fine punctures at sides, reduced medially, with transverse groove near base, medially

1.0 mm

Figure 2. Diagnostic characters of Japonitata houjayi sp. nov. A antenna, male B antenna, female
C aedeagus, dorsal view D ditto, lateral view E abdominal ventrite VIII F gonocoxae G abdominal

ventrite IV-V, male H spermatheca.
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abbreviated, laterally connected with short longitudinal groove on basal margin; lat-
eral margins slightly rounded, widest behind apices; apical margin slightly concave
and basal margin slightly convex. Elytra 1.5 x longer than wide; disc with confused,
dense, reduced punctures; with one small tubercle behind scutellum; with one distinct
longitudinal ridge from humeral calli, parallel with lateral margin, abbreviated subapi-
cally; with one additional ridge also from humeral calli, distinct, directed medially;
lateral margins moderately rounded, widest at apical third, apices convergent. Aedea-
gus (Fig. 2C, D) extremely slender, 7.5 x longer than wide; parallel-sided, slightly nar-
rowed at apical 1/4, strongly narrowed subapically, apex narrowly rounded; moderately
curved at basal 1/3 in lateral view; tectum slender, longitudinal, apex recurved; no
endophallic sclerites. Apical margin of abdominal ventrite V in males with distinct,

D

LA A, s A G A\
Figure 3. Field photographs of Japonitata houjayi sp. nov. A host plant, Scutellaria indica B population
of Scutellaria indica growing on the slope along a road € adult resting on underside of leaf D close-up of
adult E adult feeding on leaf F adults mating on a leaf.
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narrow median lobe (Fig. 2G), apical margin slightly recurved, with short median in-
ternal ridge at middle of basal margin, from basal fourth to base; basal margin normal.
Gonocoxae (Fig. 2F) longitudinal and connected basally, with narrow furrow between
gonocoxae; each gonocoxa narrowed subapically, apex narrowly rounded, with eight
long apical setae; base strongly sclerotized and narrow. Ventrite VIII (Fig. 2E) in fe-
males with apex weakly sclerotized, small, apical margin irregular; with dense short
apical setae; spiculum extremely elongate. Spermathecal receptaculum (Fig. 2H) swol-
len, not delimited from pump; pump long and curved, with apical process curved;
sclerotized spermathecal duct extremely short, not separated from receptaculum.

Diagnosis. Adults of /. houjayi sp. nov. are similar to those of /. ruficollis Jiang,
1989 from China (Xizang) with reddish brown bodies, but differ in possessing black
antennae and dark brown legs (yellow antenna with one or two apical antennomeres
black, and reddish brown legs in /. ruficollis).

Host plant. Scutellaria indica L. (Lamiaceae).

Biology. Scutellaria indica is a small herbaceous plant (Fig. 3A) growing on slopes
along roads (Fig. 3B). Adults appear only during May, usually resting on the under-
sides of leaves during daytime (Fig. 3C, D). Adults feed on the leaves (Fig. 3E) and
were observed mating (Fig. 3F) occasionally.

Etymology. The new species name is dedicated to Mr. Hou-Jay Chen (F/%iK),
the first team member to find the habitat and collect type specimens.

Distribution. This new species is known only from the type locality.

Japonitata jungchani sp. nov.
https://zoobank.org/9E6F19B8-0E5B-4E46-B346-2E2F8962A2C4
Figs 1D-F, 4

Types. Holotype 5 (TARI), Pingtung, Tahanshan (K1), 1450 m, 12.1V.2020,
leg. Y.-T. Chung. Paratypes. 12 (TARI), same locality, 4.IV.2010, leg. K.-D. Ho; 19
(TARI), same locality (= Jinshuiying 2 7K ), 6.V1.2011, leg. ].-C. Chen; 13 (TARI),
same but with “22.V.2012”; 19 (TARI), Taitung, Lichia trail (K| 5% HR1E), 1000 m,
10.V.2018, leg. B.-X. Guo.

Description. Length 5.8-6.3 mm, width 3.1-3.3 mm. General color (Fig. 1D-F)
reddish brown; head and prothorax black; legs dark brown. Antennomeres II-XI fili-
form but stout in males (Fig. 4A), ratios of lengths of antennomeres I-XI 1.0: 0.4: 0.6:
0.8:0.8: 0.8: 0.8: 0.8: 0.8: 0.7: 0.8; ratios of length to width from antennomeres I-XI
2.5:1.7:2.1: 2.8:2.6: 2.9: 2.9: 3.2: 3.2: 3.1: 3.9; stout antennae in males similar in fe-
males (Fig. 4B), ratios of lengths of antennomeres I-XI 1.0: 0.4: 0.5: 0.8: 0.8: 0.8: 0.8:
0.7:0.7: 0.7: 0.8; ratios of length to width from antennomeres I-XI 2.7: 1.6: 2.0: 3.0:
3.1:3.0: 3.1: 3.1: 3.2: 2.9: 4.0. Pronotum 1.5-1.6 x wider than long; disc with scarce,
fine punctures at sides, reduced medially, with transverse groove near base, medially
abbreviated, laterally connected with short longitudinal groove on basal margin; lateral
margins slightly rounded, widest behind apices; apical margin slightly concave and



Japonitata in Taiwan 179

basal margin slightly convex. Elytra 1.4 x longer than wide; disc with confused, dense,
fine punctures; with one small tubercle behind scutellum; with one distinct longitudi-
nal ridge from humeral calli, parallel with lateral margin, abbreviated subapically; with

Figure 4. Diagnostic characters of Japonitata jungchani sp. nov. A antenna, male B antenna, female
C aedeagus, dorsal view D apex of aedeagus, front view E aedeagus, lateral view F abdominal ventrite VIII
G gonocoxae H abdominal ventrite IV-V, male | spermatheca.
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one additional ridge also from humeral calli, distinct, directed medially; lateral margins
moderately rounded, widest at apical third, apices divergent. Aedeagus (Fig. 4C-E)
extremely slender, 6.4 x longer than wide; widest at apical 1/6, gradually narrowed
toward base, moderately narrowed at apical 1/6, apex widely rounded, slightly and
medially depressed; strongly, apically curved in lateral view; tectum wide, longitudi-
nal, apex recurved; no endophallic sclerites. Apical margin of abdominal ventrite V
in males with distinct median lobe (Fig. 4H) narrow, apical margin slightly recurved,
with long median internal ridge at middle of basal margin, from base to middle; basal
margin normal. Gonocoxae (Fig. 4G) longitudinal and connected basally, with nar-
row furrow between gonocoxae; each gonocoxa narrowed subapically, apex narrowly
rounded, with eight long apical setae; base weakly sclerotized and narrow. Ventrite
VIII (Fig. 4F) in females with apex weakly sclerotized, small, apical margin slightly
irregular; with dense short apical setae; spiculum extremely elongate. Spermathecal
receptaculum (Fig. 4I) swollen, not separated from pump; pump long and curved,
with apical process curved; sclerotized spermathecal duct extremely short, separated
from receptaculum.

Diagnosis. This new species is similar to /. bipartita Chen & Jiang, 1986 from
China (Shaanxi and Fujian) with reddish brown body and black head and prothorax.
It differs in having black antenna with the three apical antennomeres reddish brown,
and dark brown fore and middle legs.

Host plant and biology. Unknown, but one adult was collected by sweeping flowers.

Etymology. The new species name is dedicated to Mr. Jung-Chan Chen (Ff£8 %),
the first person to collect type specimens.

Distribution. South Taiwan including Pingtung and Taitung counties.

Shairella quadricostata (Kimoto, 1996), comb. nov.
Figs 5-8

Japonitata quadricostata Kimoto, 1996: 34 (Taiwan).

Type examined. Holotype @ (OMNH) (Fig. 5SA-C): “FUNCHIIHU (& i) /
TAIWAN / 28.VIL1974 / Y. KIYOYAMA [p, y] // HOLOTYPE [p, 1] / Japonitata /
quadricostata / Kimoto, n. sp. [h] / Det. S. Kimoto, 19 [p, w] // PHOTO [p, 1]”.
Specimens examined. Chiayi: 285, 119 (TARI), Erhwanping (&),
2000 m, near Alishan (Fi]H111), 9.VIL.2014, leg. C.-E Lee & T.-H. Lee; 13 (TARI),
Alishan (B HL111), 17.VII1.2014, leg. B.-X. Guo; Ilan: 13 (TARI), Chiuchihtse (152
), 520 m, 2.V.2007, leg. M.-H. Tsou; 1 (TARI), Eboshiyama (= Tulishan %37 111),
1900 m, 17-21.V.1933, leg. M. Chujo; Kaohsiung: 15, 19 (TARI), Tengchih (#1%),
1600 m, 24.VII1.2017, leg. B.-X. Guo; 14 (TARI), same but with “4.1X.20177; 19
(TARI), same but with “15.1X.2019”; 33" (TARI), same locality, 11.V.2022, leg. Y.-T.
Chung; Nantou: 29 (TARI), Fenghuangshan (JEUELLLI), 1700 m, near Hsitou (I 5H),
12.VII1.2010, leg. Y.-T. Wang; 1 (TARI), Hsitou (Z5H), 1000 m, 14.V1.2011, leg.
C.-E Lee; 49 (TARI), same locality, 2.VIL.2011, leg. M.-H. Tsou; 1, 19 (TARI),
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same but with “9.VII.20117; Pingtung: 18 (TARI), Peitawushan (A6 KE L), New
Trailhead GHT%& 111 111), 1200 m, 28.IX.2017, leg. Y.-T. Chung; 134 (TARI), same but
with “10.V.2022”; 18 (TARI), Shuangliu (#7it), 500 m, 6.V.2000, leg. H.-T. Shih;
Taichung: 19 (TARI), Fengyuan (i), 280 m, 22.V.2019, leg. C.-T. Hsu; 1J
(TARI), Henglingshan (1% 111), Trailhead (¥11111), 1200 m, 10.X.2020, leg. Y.-C.
Hsu; Taipei: 13 (TARI), Manyuehyuan (3 H [E), 300 m, 7.V1.2010, leg. C.-L. Chi-
ang; 19 (TARI), Wulai (52£), 150 m, 24.V.2007, leg. H.-J. Chen; 14, 19 (TARI),
same locality (= Hsinhsien 55), 3.V.2014, leg. M.-H. Tsou.

Redescription. Length 6.1-7.7 mm, width 3.1-4.4 mm. General color (Fig. 5D—
F) black to dark brown; abdomen yellow to dark brown; five apical antennomeres
variably paler. Antennomeres II-XI filiform in males (Fig. 6A), ratios of lengths of an-
tennomeres [-XI 1.0: 0.3: 0.7: 0.9: 0.8: 0.8: 0.8: 0.8: 0.8: 0.7: 0.9; ratios of length to
width from antennomeres [-XI 2.8: 1.6: 2.8: 3.8: 4.0: 4.2: 4.5: 4.9: 4.9: 4.8: 6.3; more
slender in females (Fig. 6B), ratios of lengths of antennomeres I-XI 1.0: 0.3: 0.6: 0.9:
0.8:0.8: 0.8: 0.8: 0.8: 0.8: 0.8; ratios of length to width from antennomeres I-XI 3.4:
1.6:2.9:4.1: 4.1: 4.9: 5.2: 5.5: 6.1: 6.0: 6.5. Pronotum 1.8-2.0 times wider than long;
disc with scarce fine punctures at sides, reduced medially, with transverse groove near
base, medially abbreviated, laterally connected with short longitudinal groove on basal
margin; lateral margins slightly rounded, widest behind apices; apical margin slightly
concave and basal margin slightly convex. Elytra narrower, 1.3—1.4 times longer than
wide; disc with confused, sparse, reduced punctures; with one small tubercle behind
scutellum; with one longitudinal ridge behind tubercle, indistinct, close to suture;
with one additional longitudinal ridge outside tubercle, indistinct; with one additional
distinct ridge from humeral calli, parallel with lateral margin, abbreviated subapically;
another additional ridge also from humeral calli, indistinct, directed medially; later-
al margins moderately rounded, widest at apical third, apices convergent. Aedeagus
(Fig. 6C, D) slender, 5.9 x longer than wide; lateral margins straight, widest at apical
1/10, gradually narrowed toward basal 1/3; strongly narrowed subapically, apex acute;
moderately curved in lateral view; tectum membranous; one endophallic sclerite longi-
tudinally oriented and slender, 0.6 x as long as aedeagus, base deeply bifurcate, lateral
margins with clustered short setae at apical 1/3. Apical margin of abdominal ventrite V
in males with distinct median lobe (Fig. 6K), narrow, apical margin slightly recurved,
with median internal ridge from apex to middle; basal margin normal. Gonocoxae
(Fig. 6G) longitudinal and connected basally, with wide furrow between gonocoxae;
each gonocoxa narrowed subapically, apex truncate, with eight long apical setae; base
weakly sclerotized. Ventrite VIII (Fig. 6E) in females with apex weakly sclerotized,
dense short apical setae, reduced medially; spiculum extremely elongate. Spermathecal
receptaculum (Fig. 6H) slender, as wide as pump, not separated from pump; pump
long and curved, with one short, apical process; sclerotized spermathecal duct short,
not separated from receptaculum.

Variations. Some distinct variation occurs in female genitalic characters among
different populations. Pumps of spermathecae are larger in those of Wulai (F52)
(Fig. 61); much slender and lacking apical process in those of Erhwanping (= & )
(Fig. 6]). Apices of ventrite VIII are wider and setae not reduced medially in those of
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Figure 5. Habitus and field photographs of Shairella quadricostata (Kimoto) A holotype, female,
dorsal view B ditto, lateral view € labels on the holotypes D nontype, male, dorsal view E ditto, ventral
view F ditto, lateral view G two adults collected at Tengchih (BEAY) and feeding on leaves of Hemiboea
bicornura H adult resting on leaves of Hemiboea bicornuta in Erhwanping (B BR).

Walai (552K). Hindwings are normal in northern and central Taiwan and low-eleva-
tions of southern Taiwan (Fig. 7A), but they are reduced in different degrees between
different populations of mid-elevations of southern Taiwan. Degree of reduction of
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0.5 mm

0.3 mm
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Figure 6. Diagnostic characters of Shairella quadricostata (Kimoto) A antenna, male B antenna, female
C aedeagus, dorsal view D ditto, lateral view E abdominal ventrite VIII, from Erhwanping (ZHBR)
F same, from Wulai (557R) G gonocoxae H spermatheca, from Tengchih (BEAL) 1 same from Wulai (55
#) J same from Erhwanping (Z#PF) K abdominal ventrite IV-V, male.

hind wings is similar between individuals of both sexes of the same populations. Those
in Tengchih (JB&4%) are less reduced, ~ 57% with normal hind wings (Fig. 7B). Those
in Hsito (25H) are reduced moderately, ~ 50% with normal hind wings (Fig. 7D).
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Figure 7. Hindwings of Shairella quadricostara (Kimoto) A female, from Wulai (J57%) B female, from
Tengchih (HEHL) € female, from Erhwanping (- 2F) D female, from Hsito (J&5H) E male, from Pei-
tawushan (ALK,

Those in Peitawushan (L KE1LL) have the same length of hind wings as those in
Hsito but wider (Fig. 7E). Those in Erhwanping (. & FF) are reduced strongly, - 40%
with normal hind wings (Fig. 7C).

Diagnosis. Adults of Shairella quadricostata (Kimoto, 1996), comb. nov. and
S. caerulea (Kimoto, 1996), comb. nov. are characterized by normal elytra and func-
tional hindwings (shortened elytra and reduced hindwings in other Shairella; Lee and
Beenen 2017) although individuals in some populations of S. quadricostata have more
or less reduced hindwings. Shairella quadricostara is distinguished from S. caerulea by
possessing black elytra with three pairs of weak longitudinal ridges (Fig. 5A-F) (blu-
ish black elytra without longitudinal ridges besides lateral ridge in S. caerulea; Fig. 9);
median internal ridge of abdominal ventrite V in males expanded from apex, abbrevi-
ated before base (Fig. 6K) (median internal ridge of abdominal ventrite in males ex-
panded from apex to base in S. caerulea; Fig. 10G); apically narrowed apex of aedeagus
(Fig. 6C) (bifurcate apex of aedeagus in S. caerulea; Fig. 10C); apex of spermatheca
rounded with or without small process (Fig. 6H-]) (apex of spermatheca swollen, bi-
furcate in frontal view in S. caerulea; Fig. 10H, I).

Host plant. Hemiboea bicornuta (Hayata) Ohwi (Gesneriaceae).
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Figure 8. Distribution map of Shairella quadricostara (Kimoto) and brachelytrous Shairella species, solid
line: 1000 m, broken line: 2000 m. Key: green squares — brachelytrous species, blue circles — adults of
S. quadricostata with normal hindwings, red circles— adults of S. guadricostata with reduced hindwings.
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Biology. Adults of Shairella quadricostata were observed active at night and feeding
on leaves of Hemiboea bicornuta. However, adults were hard to find with the exception of
asingle event. Three adults were collected on 11 May 2022 in Tengchih (JB&£%) (Fig. 5G).
We collected 39 adults on 9 July 2014 in Erhwanping (— & ¥F). Many host plants were
growing on a steep slope and numerous adults were feeding on leaves (Fig. 5H).

Distribution. The flighted populations are widespread in low-elevations of Taiwan
and mid-elevations of northern and central Taiwan, and flightless populations are re-
stricted to mid-elevations of southern Taiwan (Fig. 8).

Shairella caerulea (Kimoto, 1996), comb. nov.
Figs 9, 10

Japonitata caerulea Kimoto, 1996: 33 (Taiwan).

Type examined. Holotype & (SEHU) (Fig. 9A—C): “Pilu (38%3%), Hualien / Taiwan
/ 10.VIL.1983 / H. Takizawa [p, w] // HOLOTYPE [p, 1] // Japonitata / caerulea /
Kimoto, n. sp. [h] / Det. S. Kimoto, 19[p]95[h, w] // Euliroetis [h] / Det. H. Takizawa
[p, w] // 0000000172 / Sys. Ent / Hokkaido Univ. / Japan [SEHU] [p, w]”.

Specimens examined. Hualien: 19 (NMNS), Hualuhsi (#E££3%), 1300 m,
28.VIL.-25.1X.2011, leg. W.-T. Yang & K.-W. Huang; 19 (NMNS), Biyu Sacred
Tree GRARFHIA), 2150 m, 1.VI.-28.VIL2011, leg. W.-T. Yang & K.-W. Huang; 15
(NMNS), same but with “28.VI1.-5.I1X.20117; 1J, 19 (NMNS), same but with
“28.V.—24.VI1.2012”; 28 (NMNS), same but with “24.VI1.-10.IX.2012”; Kaohsi-
ung: 19 (TARI), Chungchihkuan (F 2 Ff), 1930 m, 10.VI.2015, leg. T.-H. Lee;
Nantou: 13 (TARI), Tunyuan (EJ5), 1900 m, 21.V1.2019, leg. B.-X. Guo. All speci-
mens from Hualien were collected using Malaise traps.

Redescription. Length 6.8-6.9 mm, width 3.7-3.9 mm. General color (Fig. 9D-
F) black to blackish brown; abdomen yellow; elytra bluish black. Antennomeres I1-XI
filiform in males (Fig. 10A), ratios of lengths of antennomeres I-XI 1.0: 0.3: 0.9: 1.0:
1.1: 1.1: 1.1: 0.9: 0.9: 0.8: 1.0; ratios of length to width from antennomeres I-XI 3.0:
1.4:2.9:3.6: 3.9: 4.2: 4.3: 4.2: 4.6: 4.3: 6.1; more slender in females (Fig. 10B), ratios
of lengths of antennomeres I-XI 1.0: 0.4: 0.9: 1.0: 1.0: 1.0: 1.0: 0.9: 0.9: 0.8: 0.9;
ratios of length to width from antennomeres I-XI 3.0: 1.6: 3.4: 3.9: 4.3: 4.6: 4.8: 5.5:
6.1: 5.3: 6.1. Pronotum 2.2 times wider than long; disc with scarce fine punctures at
sides, reduced medially, with transverse groove near base, medially abbreviated, later-
ally connected with short longitudinal groove on basal margin; lateral margins slightly
rounded, widest behind apices; apical margin slightly concave and basal margin slightly
convex. Elytra 1.4 x longer than wide; disc with confused, dense, fine punctures; with
one small tubercle behind scutellum, with one deep depression behind tubercle; with
one indistinct longitudinal ridge from humeral calli, parallel with lateral margin, ab-
breviated subapically; with one additional, deep depression at middle, above longitudi-
nal ridge; lateral margins moderately rounded, widest at apical third, apices divergent.
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Aedeagus (Fig. 10C, D) wide, 4.4 x longer than wide; lateral margins straight, widest
at apex, gradually narrowed towards base; apex with deep notch; moderately curved
in lateral view; tectum membranous; one endophallic sclerite longitudinal and slen-
der, 0.7 x as long as aedeagus, base shallowly bifurcate, lateral margins with clustered
short setae at apical third; with short membranous area near apex. Apical margin of
abdominal ventrite V in males with distinct median lobe (Fig. 10G), narrow, apical
margin slightly recurved, with median internal ridge from apex to base, with narrow
furrow between gonocoxae; basal margin expanding posteriorly. Gonocoxae (Fig. 10F)
longitudinal and connected basally; each gonocoxa narrowed subapically, apex trun-
cate, with eight long apical setae; base weakly sclerotized but strongly sclerotized medi-
ally. Ventrite VIII (Fig. 10E) in females with apex weakly sclerotized, small, depressed
medially; with dense short apical setae; spiculum extremely elongate. Spermathecal

Pilu,Hualien

Taiwan ~
10.VII.1983
H.Takizava

) ra witeta
erule &

'13,} ;

P
. S.Kimoto,

L

Figure 9. Habitus of Shairella caerulea (Kimoto) A holotype, male, dorsal view B ditto, lateral view
C labels on the holotypes D nontype, male, dorsal view E ditto, ventral view F ditto, lateral view.
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Figure 10. Diagnostic characters of Shairella caerulea (Kimoto) A antenna, male B antenna, female
C aedeagus, dorsal view D ditto, lateral view E abdominal ventrite VIII F gonocoxae G abdominal ven-

trite IV-V, male H spermatheca I apex of spermatheca, front view.

receptaculum (Fig. 10H, I) slender, as wide as pump, not separated from pump; pump
long and curved, apex slightly swollen, dorso-ventrally bifurcate; sclerotized spermath-
ecal duct short, not separated from receptaculum.
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Diagnosis. Shairella caerulea (Kimoto, 1996), comb. nov. and S. quadricostata
(Kimoto, 1996), comb. nov. are characterized by having normal elytra and functional
hindwings (shortened elytra and reduced hindwings in other species; Lee and Beenen
2017) although some populations of S. guadricostata have variably reduced hindwings.
Shairella caerulea is distinguished easily from S. guadricostata by its bluish black elytra
without longitudinal ridges other than the lateral ridge (Fig. 9) (black elytra with three
pairs of weak longitudinal ridges in S. guadricostata; Fig. 5); median internal ridge
of abdominal ventrite in males expending from apex into base (Fig. 10G) (median
internal ridge of abdominal ventrite V in males expanding from apex, abbreviated be-
fore base in S. quadricostara; Fig. 6K); bifurcate apex of aedeagus (Fig. 10C) (apically
narrowed apex of aedeagus in S. quadricostata; Fig. 6C); apex of spermatheca swollen,
bifurcate in frontal view (Fig. 10H, I) (apex of spermatheca rounded with small process
in S. quadricostara; Fig. 6GH-J).

Host plant and biology. Unknown.

Remarks. All specimens deposited at the National Museum of Natural Science,
Taichung were collected using Malaise traps. Many flightless, nocturnal galerucines
have been collected in Malaise traps, including Zziwanoshaira chujoi (Kimoto, 1982)
(Lee and Beenen 2020), Paraplotes taiwana Chijo, 1963 (Lee 2015), and Lochmaea
lesagei Kimoto, 1996 (Lee 2019). Moreover, two specimens were collected during the
night by Ta-Hsiang Lee (25K F#]) and Bo-Xin Guo (¥87H#%), respectively; they are
members of TCRT. These events suggest that adults of Shairella caerulea are nocturnal.

Distribution. This species is probably widespread in Taiwan although few speci-
mens are available for study.

Discussion

The former studies have confused the taxonomic boundaries between Japonitata and
Paraplotes (Chen and Jiang 1986; Medvedev 2002; Zhang et al. 2008). This confusion
is probably due to overlooking detailed structures of the aecdeagus and female genitalic
characters. Shapes and structures of the tectum and endophallic sclerites of the aedeagus,
and spermatheca in S. guadricostata and S. caerulea indicate great similarity among both
species and species of Shairella. Diagnostic characters between Japonitata, Paraplotes,
and Shairella are reevaluated and proposed in this study. Transfer of S. quadricostata
and S. caerulea to Shairella is supported based on these diagnostic characters. This
study also emphasizes the importance of detailed studies and illustrations of male and
female genitalic characters.

Presence or absence of hindwings and elytral calli, or shortened elytra are not
key characters for generic diagnoses. For example, females of Taiwanese species of
Paraplotes have reduced hindwings and shortened elytra (Lee 2015). Taiwanese species
of Sikkimia (Lee and Bezdék 2016) and some species of Lochmaea (Lee 2019) have
reduced elytral calli and hindwings. The brachelytrous Shairella is redefined here by

including S. quadricostata and S. caerulea with normal elytra. This implies that a number
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of additional Japonitata species should be transferred to Shairealla. Specifically, species
of Japonitata without one pair of distinct ridges on the elytra should be evaluated as
possible members of Shairella.

Adults of Shairella quadricostata (Kimoto), comb. nov. are widespread and some
populations have reduced hindwings in mid-elevations of southern Taiwan. They
are allopatric with other members of the genus except at Erhwanping (— #¥F) and
Hsitou (ZUH), where S. aeneipennis Chiijo, 1962 also occurs (Fig. 8). However, they
are separated ecologically since both species utilize different food plants (Hemiboea
bicornuta for S. quadricostata and Clinopodium laxiflorum var. taiwanianum for
S. aeneipennis). Interestingly, adults and larvae of S. chungi Lee & Beenen, 2017 in
southern Taiwan also feed on leaves of Hemiboea bicornuta. This species is allopatric with
S. quadricostata, although the flightless populations are more northern in distribution
and the winged populations are southern. A previous hypothesis for brachelytry in
leaf beetles of tropical forest habitats is different from Lee’s proposal for Paraplotes
(Lee 2015): “Reduction of hind wings may result from the production of physogastric
females. Nocturnal behavior increases survival since natural enemies are less of a threat.
Males actively search for mates by night. In harsh environments such as islands, deserts
and alpine regions, flight is not essential to survival and energy can be diverted to egg
production (Beenen and Jolivet 2008). Thus, brachelytry is a predictable evolutionary
trend.”. The species (S. guadricostata) with long antennae and darker color is adapted
to nocturnal activity since natural enemies are less of a threat. Some populations
have reduced hindwings as an adaptation to stable microhabitats (mid-altitudes in
southern Taiwan). Elytra are reduced further due to allopatric speciation (S. chungi
Lee & Beenen, 2017). Host plant shifts cause adaptive radiation in these circumstance
(8. aeneipennis, S. guoi Lee & Beenen, 2017, S. motienensis Lee & Beenen, 2017, and
S. tsoui Lee & Beenen, 2017).

Acknowledgements

I am grateful to the Taiwan Chrysomelid Research Team (TCRT), including Jung-
Chang Chen (F#£8 %), Hou-Jay Chen (F#J57%), Yi-Ting Chung ($#254%), Bo-Xin
Guo ($87H1%%), Hsueh Lee (%), Ta-Hsiang Lee (25 K ##), and Mei-Hua Tsou (3%
) as well as two citizen scientists Yen-Cheng Hsu (12 7K) and Chin-Li Chiang (/L.
HEF) for assistance in collecting material. I especially thank Hsing-Che Liu (|5 77),
and Hsing-Tzung Cheng (Bf5H %) for photos of specimens, Yi-Ting Chung (§7%
Z£), Hou-Jay Chen (S J575), and Mei-Hua Tsou (# 3% #E) for field photography, and
Chih-Kai Yang for identification of host plants. In addition, I thank Takuya Takemoto
for taking photos of the holotype of S. caerulea and Shunpei Fujie for S. guadricostata.
I especially thank Chang Chin Chen for assisting this study in various ways, Chris
Carlton for reading the draft and editing for American English style, and Jan Bezd¢k
and Viswajyothi Keezhpattillam for reviewing the manuscript.



Japonitata in Taiwan 191

References

Beenen R, Jolivet P (2008) Classification and habitat of brachelytrous Chrysomelidae (Coleop-
tera). In: Jolivet B, Santiago-Blay J, Schmitt M (Eds) Research on Chrysomelidae. Volume
1. Brill, Leiden, 161-173. https://doi.org/10.1163/9789047427858

Chen SH, Jiang SQ (1981) Coleoptera: Chrysomelidae - Galerucinae. In: Chen CH (Ed.) Insects
of Xizang. Volume 1. Sciences Press, Peking, 457-489. [in Chinese with English summary]

Chen SH, Jiang SQ (1986) On the Chinese species of the galerucine genus Japonitata (Coleop-
tera: Chrysomelidae). Acta Zootaxonomica Sinica 11: 72-79. [in Chinese with English
summary]

Gould AA (1859) Descriptions of shells collected in the North Pacific Exploring Expedition
under Captains Ringgold and Rodgers. Proceedings of Boston Society of Natural History
6: 422-426.

Jiang SQ (1989) Four new Chinese species of Japonitata (Coleoptera: Chrysomelidae, Ga-
lerucinae). Acta Entomologica Sinica 32: 221-225. [in Chinese with English summary]

Kimoto S (1970) A list of the Nepalese chrysomelid specimens preserved in Zoologische
Sammlung des Bayerischen Staates, Miinchen. Khumbu Himal 3: 412-421.

Kimoto S (1996) Notes on the Chrysomelidae from Taiwan, China. XIII. Entomological Re-
view of Japan 51: 27-51. http://coleoptera.sakura.ne.jp/ERJ/ER]51(1)1996.pdf

Kimoto S (2004) New or little known Chrysomelidae (Coleoptera) from Nepal, Bhutan and
the northern territories of Indian subcontinent. Bulletin of the Kitakyushu Museum of
Natural History and Human History, Series. Natural History 2: 47-63. https://www.
kmnh.jp/wp-content/themes/kmnh_jp/images/pdf/A2-47-E-Kimoto.pdf

Lee C-F (2015) The genus Paraplotes Laboissi¢re, 1933 in Taiwan, a speciose group with
brachelytrous emales (Coleoptera: Chrysomelidae: Galerucinae). Zootaxa 3904: 223-248.
hteps://doi.org/10.11646/z00taxa.3904.2.3

Lee C-F (2019) The genus Lochmaea Weise, 1883 in Taiwan: Results of taxonomic expeditions
by citizen scientists (Coleoptera, Chrysomelidae, Galerucinae). ZooKeys 856: 75-100.
hteps://doi.org/10.3897/z00keys.856.30838

Lee C-E Beenen R (2017) Revision of the genus Shairella Chij6, 1962 (Coleoptera: Chrysomel-
idae: Galerucinae) from Taiwan, with descriptions of five new species. Zootaxa 4268(4):
489-507. https://doi.org/10.11646/z00taxa.4268.4.2

Lee C-F, Beenen R (2020) Tziwanoshaira Lee & Beenen, a new genus and first of moss-inhab-
iting Galerucinae sensu stricto (Coleoptera, Chrysomelidae) from Taiwan. ZooKeys 994:
129-146. https://doi.org/10.3897/z00keys.944.53099

Lee C-F, Bezdé¢k J (2016) Revision of the wingless Sikkimia Duvivier (Coleoptera, Chrysomeli-
dae, Galerucinae) from Taiwan, including a new generic synonymy and four new species
descriptions. ZooKeys 553: 79-106. https://doi.org/10.3897/zo0keys.553.6576

Medvedev LN (2002) New and poorly known Chrysomelidae (Coleoptera) from northern
India. Entomologica Basiliensia 24: 245-253.

Medvedev LN (2012) New species of Chrysomelidae (Coleoptera) from Indochina. Euroasian
Entomological Journal 11: 63-69.



192 Chi-Feng Lee / ZooKeys 1125: 171-192 (2022)

Medvedev LN, Sprecher-Uebersax E (1998) New data on Chrysomelidae of Ne-
pal (Insecta, Coleoptera). Spixiana 21: 25-42. htep://www.zobodat.at/pdf/Spixi-
ana_021_0025-0042.pdf

Medvedev LN, Sprecher-Uebersax E (1999) Taxonomical study of Chrysomelidae (Coleoptera)
from Nepal. Entomologica Basiliensia 21: 355-370.

Nie R-E, Bezd¢k J, Yang X-K (2017) How many genera and species of Galerucinae s. str. do
we know? Updated statistics (Coleoptera, Chrysomelidae). ZooKeys 720: 91-102. hteps://
doi.org/10.3897/zookeys.720.13517

Strand E (1935) Revision von Gattungsnamen palaeaktischer Coleoptera. Folia Zoologia et
Hydrobiologia 7: 282-299.

Takizawa H, Basu CR (1987) Notes on chrysomelid-beetles (Coleoptera, Chrysomelidae) of
India and its neighbouring areas. Part 4. Konty@ 55: 266-283.

Weise J (1922) Chrysomeliden der indo-malayischen Region. Tijdschrift voor Entomologie 65:
39-130. https://www.biodiversitylibrary.org/page/10857673

Yang XK (1992) Chrysomelidae Galerucinae. In: Peng J, Liu Y (Eds) Iconography of forest
insects in Hunan China. Academia Sinica & Hunan Forestry Institute, Hunan, 552-589.
[in Chinese with English summary]

Yang XK, Li WZ (1998) Coleoptera: Chrysomelidae: Galerucinae. In: Wu H (Ed.) Insects of
Longwangshan Nature Reserve. China Forestry Publishing House, Beijing, 128-135. [in
Chinese with English summary]

Yang XK, Li WZ, Zhang BQ, Xiang ZQ (1997) Coleoptera: Chrysomelidae: Galerucinae. In:
Yang XK (Ed) Insects of the Three Gorge reservoir area of Yangtze River. Part 1. Chongging
Publishing House, Chongqing, 863-904. [in Chinese with English summary]

Zhang 1], Li WZ, Yang XK (2008) Taxonomic changes in the genus Paraplotes Laboissiére,
1933 (Coleoptera: Chrysomelidae: Galerucinae). The Pan-Pacific Entomologist 84(1):
17-21. hteps://doi.org/10.3956/2007-05.1



ZooKeys I |25: |937205 (2022) A peer-reviewed open-access journal
doi: 10.3897/zookeys.1125.89219 RESEARCH ARTICLE $ZOOI<€VS

https://zookeys.pensoft.net Launched to accelerate biodiversity research

A detailed comparison of two species in the
genus Potamanthus Pictet, 1843 from China
(Ephemeroptera, Potamanthidae)

Wen-Juan Li', Chang-Fa Zhou'

| The Key Laboratory of Jiangsu Biodiversity and Biotechnology, College of Life Sciences, Nanjing Normal
University, Nanjing 210023, China

Corresponding author: Chang-Fa Zhou (zhouchangfa@njnu.edu.cn)

Academic editor: Ben Price | Received 20 June 2022 | Accepted 5 September 2022 | Published 26 October 2022

https://zoobank.org/ DF876772-5BBC-40E9-ACD0-AABD6DI10471

Citation: Li W-], Zhou C-F (2022) A detailed comparison of two species in the genus Potamanthus Pictet, 1843
from China (Ephemeroptera, Potamanthidae). ZooKeys 1125: 193-205. https://doi.org/10.3897/z00keys.1125.89219

Abstract

Photographs and details of structures of two Potamanthus species, P huoshanensis Wu, 1987 and P luteus
(Linnaeus, 1767), are presented for the first time. Here, based upon Chinese specimens of those species,
all external structures are illustrated digitally and compared. The results and photos clearly show that the
adults of the two species are different in wing color and genitalia shape, and that their nymphs have dif-
ferent mandibular tusks and forelegs. Specifically, 2 luteus has a more colorful body and wings, longer
penes and nymphal mandibular tusks but shorter foretarsi than those of 2 huoshanensis. This comparison
not only confirms the differences between these two similar species, but also supports the updated generic

delineations of Potamanthus and Potamanthodes.

Keywords
China, Potamanthus, P huoshanensis, P luteus, morphology

Introduction

The Palearctic genus Potamanthus Pictet, 1843 comprises only two species and one
subspecies (Bae and McCafferty 1991; Kluge 2004; Li and Zhou 2022). The first one,
P luteus (Linnaeus, 1767), is widely distributed from northern Africa and Europe to
northeastern Asia, and its morphology has been described and mentioned by a long se-
ries of researchers (see Bauernfeind and Solddn 2012 and references therein). However,
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only Bae and McCafferty (1991) provided photos of this species, but no compre-
hensive, detailed photographs had so far been presented to show its exact characters.
Further, P luteus was divided into two subspecies by Bae and McCafferty (1991) using
few structures, such as the shape of the anterolateral corners of the nymphal pronotum,
the vestigial apical spines on the forefemora and forking point of the medius anterior
(MA) in the imaginal forewings.

In contrast to P luteus, the second species in the genus, £ huoshanensis Wu, 1987,
has a very narrow distribution. Up until now, it has been found only at one site in
China and two sites in Japan (Wu 1987a, 1987b; Ishiwata 2001). Only the wings and
a drawing of the nymphal habitus of this species had been provided so far, by Bae and
McCafferty (1991). In addition, Wu (1987a) and Bae and McCafferty (1991) regarded
this species as very similar to P luteus, the latter authors even identifying Japanese
Potamanthus materials as belonging to P /uteus. Thus, proper photographic documen-
tation of P huoshanensis would not only reveal the real characters of this species but also
show differences with the similar 2 luteus.

The generic circumscription and phylogeny of the genus Potamanthus has been
changing. Bae and McCafferty (1991) downgraded the taxon Potamanthodes to a sub-
genus of Potamanthus. Differently, Kluge (2004) placed it as a member of another
genus, Rhoenanthus Eaton, 1881. Recently, Li and Zhou (2022) reinstated the taxon
Potamanthodes as an independent genus. With details of the two species in the genus
Potamanthus and other recent related reports (Han et al. 2021; Kwanboon et al. 2021),
differences among these three taxa will be clarified.

Here, we compare Chinese specimens of P luteus to the types of P huoshanensis, pro-
vide photographs of imaginal and nymphal structures of both species, document fine
characters useful to differentiate these two species in the genus Potamanthus. The results
support our proposal to reinstate this genus in a previous work (Li and Zhou 2022).

Material and methods

Material examined

Potamanthus buoshanensis Wu, 1987

1 imago (Holotype), 10 nymphs, 4 33 imagoes, 20 @ Q imagoes (Paratypes), Zhufoan
Town, Huoshan county, Anhui Province, China, 31°24'59"N, 116°10'30.40"E, 1983-
VI-11-13, collected by Xing-Yong WU; other materials: 2 nymphs, 15 @9 imagoes,
1984-VI-11, other information as for the types.

Potamanthus luteus (Linnaeus, 1767)

7 nymphs, 12 @ @ imagoes, Nancha county, Heilongjiang Province, China, 47°7'48"N,
129°16'48"E, 1984-VII-26-29, collected by Xing-Yong WUj; 1 nymph, Mohe county,
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Heilongjiang Province, China, 52°58'12"N, 122°31'48"E, 2007-VIII-14, collected by
Shi-Lei WANG, Hui XIE; 100 ' imagoes, 200 @9 imagoes, 100 d'J' subimagoes,
100 Y% subimagoes, Yanshou county, Heilongjiang Province, China, 45°27'0"N,
128°19'48"E, 2008-VII-14-15, collected by Shi-Lei WANG, Guo ZHAO; 2 nymphs,
1 @ imago, Songhua River, Fusong county, Jilin Province, China, 44°41'31"N,
125°57'8.82"E, 2008-VII-26, collected by Shi-Lei WANG, Guo ZHAO.

Methods

The nymphs of two species studied in the present paper were collected by hand net, where-
as most adults were collected by light trap (using LED and mercury lamps). Some adults
were reared from nymphs in the field. The materials are stored in ethanol (about 85%).

All specimens were examined under a stereomicroscope (MshOt MZ81) and pho-
tographed with a digital camera coupled to the microscope (Nikon Eclipse 50i). Some
small structures, such as gills, mouthparts, terga and legs, were observed and photo-
graphed with a microscope camera on temporary slides. All specimens used in this
study are deposited in the mayfly collection of the College of Life Sciences, Nanjing
Normal University, China.

Results

Potamanthus buoshanensis Wu, 1987

Potamanthus (Patamanthus) huoshanensis Wu, 1987b: 421. figs 1-5. Types: nymph,
male and female, from Anhui, China.

Potamanthus (Patamanthus) huoshanensis: Bae and McCafferty 1991: 49. figs 15, 95,
113, 126, 139 (nymph, male and female); Ishiwata 2001: 58; Zhou 2013: 202;
Zhou et al. 2015: 252.

Potamanthus huoshanensis: Wu et al. 1991: 111. fig. 2 (egg); You and Gui 1995: 116.
fig. 123 (male and female).

Distribution. China (Anhui Province); Japan (Yokkaichi city, Lake Biwa).

Description. see Wu (1987b) and Bae and McCafferty (1991).

Diagnosis. This species resembles Pozamanthus luteus in the main characters of both
the adults and the nymphs, which can be differentiated only by very fine structures
(Table 1). In the nymph, the labrum of 2 huoshanensis is slightly narrower than that of
P luteus (Fig. 3A, B); the mandibular tusks are indistinctly shorter than in P luteus, and
this can be seen in nymphal dorsal views (Figs 2A, B, E, E 3E-H); the maxillary palpi of
both species are similar but different in their length ratio: the ratio in the former species
is 1.0: 0.6: 1.0, whereas that of the latter species is 1.0: 0.7: 1.3 (Fig. 31-L). The two spe-
cies have a very similar hypopharynx and labia (Fig. 3C, D, M, N). Although the color
pattern of examined P huoshanensis has fainted and is pale, the leg lengths are different
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Figure |. Male and female nymph habitus of two Potamanthus species: A, B B huoshanensis and
C, D P luteus.

in the two species: ratio of forefemora: tibiae: tarsi = 1.0: 0.7: 0.6 in P huoshanensis and
1.0: 0.8: 0.6 in P luteus, the former having slightly shorter forelegs and tibiae (Fig. 2I,
L). But the midlegs, hindlegs and their claws are very similar (Fig. 2D, H, J, K, M, N).

Males of the two species can be easily separated: (1) the pigments of the cross-
veins of the forewings of £ huoshanensis are almost invisible, but they are clear on the
forewings of P luteus (Figs 4A, C, 5E, G); (2) the costal projection of the hindwings
are slightly blunter in P huoshanensis than in P luteus (Fig. 5F, H); (3) the compound
eyes of P huoshanensis are almost contiguous but they are clearly separated in P luteus
(Fig. 5A, C); (4) both the lateral and inner extended lobes of the penis of P huoshan-
ensis are slightly smaller than those of P luteus (Fig. 6C-E, H-J); (5) the penes of
P huoshanensis are slightly shorter than those of P /uteus: the subgenital plate of P
huoshanensis almost covers the base of the penial lobes but the penes of P luteus are
longer, with the whole penes completely visible in ventral view (Fig. 6A, B, E G); (6)
the subgenital plate of P huoshanensis has a shallow median emargination, whereas that
of P luteus has a clear V-shaped cleft (Fig. 6A-D, F-I); (7) the forking point of the MA
in the P huoshanensis forewings is more distal than that of P luteus, with the ratio of
MA: MA, = 1.0: 0.7 in the former species and 1.0: 0.9 in the latter (Fig. 5E, G); (8)
the foretibiae of P huoshanensis are shorter than in P luteus, with the ratio forefemora:
tibiae: tarsi = 1.0: 1.3: 1.6 in P huoshanensis and 1.0: 1.6: 1.5 in P luteus (Fig. 4A, C).

The females of the two species can differentiated by their wing color and the shape
of the hindwings, like in the males (Fig. 4B, D). The compound eyes of female 2 /uteus
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Figure 2. Male and female head, thorax, foreleg claw, foreleg, midleg and hindleg of nymph of two
Potamanthus species: A=D, 1=K P huoshanensis and E-H, L-N P, luteus.

are slightly smaller than those of 2 huoshanensis (Fig. 5B, D), but the subgenital plates
are very similar (Fig. 7).

Although the color of the 2 huoshanensis material is not clear, the original de-
scription of Wu (1987b) and our specimens clearly show that the males, females and
nymphs of this species do not have dots on their abdominal terga. In contrast, all stages
of P luteus have a pair of dark dots on the abdominal terga (Fig. 4C-D). In addition, 2
luteus has a longitudinal median reddish band on the abdomen (Fig. 4C-D).

The differences between the two species are listed in Table 1.
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Table I. Comparison of characteristics of the two Potamanthus species.
Characters Species P, huoshanensis P, luteus

Nymph mandibular tusks not protruding the labrum  protruding the labrum

ratio of maxillary palpi from base to apex 1.0: 0.6: 1.0 1.0:0.7: 1.3

ratio of forefemora: tibiae: tarsi 1.0:0.7: 0.6 1.0: 0.8: 0.6

Pairs of lateral dots on abdominal terga without with
Male imago  pigments of crossveins in forewings vague clear

MA: MA, 1.0: 0.7 1.0: 0.9

costal projection of hindwings blunt sharp

distance between two compound eyes no or very short half of median ocellus

Pairs of lateral dots on abdominal terga without with

Penial lobes covered by subgenital plate partially no

Posterior emargination of subgenital plate shallow V-shaped cleft

ratio of forefemora: tibiae: tarsi 1.0: 1.3: 1.6 1.0: 1.6: 1.5
Female imago pigments of crossveins in forewings vague clear

MA: MA, 1.0: 1.0 1.0: 0.9

Pairs of lateral dots on abdominal terga without with

Figure 4. Male and female adult morphology of two Potamanthus species: A, B R huoshanensis and
C, D P luteus.
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Potamanthus luteus (Linnaeus, 1767)

Ephemera luteus Linnaeus, 1767: 906. Type: England.

Ephemera reticulata Fourcroy, 1785: 351. Synonymized by Eaton (1871: 76).

Baetis mellea Curtis, 1834: 121. Types: subimago. Synonymized by Eaton (1871: 76).

Baetis marginalis Burmeister, 1839: 801. Types: male and female. Synonymized by
Eaton (1871: 76).

Ephemera flavicans Rambur, 1842: 296. Types: male and female, from Paris, France.
Synonymized by Eaton (1871: 76).

Ephemera chlorotica Rambur, 1842: 296. Types: male and female subimagoes, from
Paris, France. Synonymized by Walker (1853: 539).

Potamanthus luteus (Linnaeus): Pictet 1843: 205; Eaton 1884: 79.

Potamanthus ferreri Pictet, 1843: 203. Types: male, from Italy. Synonymized by Bae
and McCafferty (1991: 51).

Eucharidis reaumurii Joly & Joly, 1876: 314. Types: nymph. Synonymized by Eaton
(1884:79).

Potamanthus na Imanishi, 1940: 180, fig. 2 (nymph). Synonymized by Bae and Mc-
Cafferty (1991: 54).

Potamanthus naa Imanishi, 1940: 181 (nymph). Synonymized by Bae and McCafferty
(1991: 54).

Potamanthus luteus: Wu 1987a: 336 (female, first record from China); You and Gui
1995: 115, fig. 122 (male); Bauernfeind and Solddn 2012: 634 (adult, nymph, egg).

Potamanthus (Patamanthus) luteus oriens: Bae and McCafferty 1991: 54, fig. 4, 125
(subspecies established); Bae 1997: 408; Zhou 2013: 202; Zhou et al. 2015: 252.

Potamanthus luteus oriens: Quan et al. 2002: 257.

Distribution. China (Heilongjiang and Jilin Province); Palearctic and Oriental. From
England east through Europe and Asia Minor, south to North Africa.

Description. see Bae and McCafferty (1991) or Bauernfeind and Solddn (2012).

Diagnosis. see diagnosis of P huoshanensis. Males of this species can be identified
by the more distinct color of the wings and penial lobes (Figs SE-H, 6) and the foreti-
biae longer than the tarsi (Fig. 4A, C). The nymphs can be distinguished by the slightly
larger mandibular tusks, longer foretibiae (Figs 21, L, 3E-H) and apical segment of the
maxillary palpi (Fig. 3K, L).

Remarks. Bae and McCafferty (1991) mentioned that the nymphs of the subspe-
cies Potamanthus luteus oriens have very pointed anterolateral projections of the pro-
notal and vestigial spine-row on the forefemora. In our material, the former character
is distinct, and the transverse spine-row was not recognizable, which is consistent with
the description of European P /uteus provided by Bauernfeind and Solddn (2012).
However, we do not know whether this variation is just at the population level or
representative of different subspecies or geographical populations, because we have no
material from abroad for comparison.
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Figure 5. Male head, female head, forewing and hindwing of two Potamanthus species:
A, B, E, F 2 huoshanensis and C, D, G, H P luteus.

In the present comparison and photos, we can see clearly that 2 huoshanensis and
P luteus oriens are extremely similar in both nymphal and imaginal structures. The
differences between them are very slight . Therefore, it is not surprising that Bae and
McCafferty (1991) recognized Japanese materials of 2 huoshanensis as P luteus oriens,
which was later corrected by Ishiwata (2001).

The distribution of P luteus is wide, from Africa to Japan. In contrast, 2 huoshan-
ensis was reported from three allopatric sites in Japan and China. Biogeographic and
genetic studies at the population level are required for these species.

At the generic level, the definitions of the genera Potamanthus and Potamanthodes were
updated by Li and Zhou (2022) and confirmed by the characters presented in this study.
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Figure 7. Abdominal segments VII-X (lateral and ventral view) of two Potamanthus species:
A, B P huoshanensis and C, D P, luteus.

Key to the two Potamanthus species

Nymph

1

Mandibular tusks short (not protruding beyond labrum in dorsal view) (Fig.
2A, B, 3E, G); apical segment of maxillary palpi subequal to or shorter than
basal one (Fig. 3K).....ccccoovivniiiiiiiiciccccee P, huoshanensis
Mandibular tusks protruding beyond anterior margin of labrum in dorsal
view or subequal (Fig. 2E, F, 3, H); apical segment of maxillary palpi longer
than basal one (Fig. 3L) ..c.ccooiviiiiiiiiiciiccccerccceae P, luteus

Male imago

1

Compound eyes almost contiguous (Fig. 5A); foretibiae shorter than tarsi (Fig.
4A); penial lobes partially covered by subgenital plate in ventral view (Fig. 6A);
crossveins of forewings without distinct pigments (Figs 4A, 5E) .......ccccccvuueee.
................................................................................................. P huoshanensis
Compound eyes separated by half the width of the ocelli (Fig. 5C); foreti-
biae longer than tarsi (Fig. 4C); penial lobes not covered by subgenital plate,
totally visible in ventral view (Fig. 6F); crossveins of forewings with reddish-

brown color (Figs 4C, 5G) ...cccuvveuiuiiriniiiiciiiririeccceseseeeeeeeae P, luteus

Female imago

1

Crossveins of forewings without distinct pigments; no distinct dots or mark-
ings on abdomen (Fig. 4B) ......ccccccovuviiiiiiiniiciie P. huoshanensis
Crossveins of forewings with reddish-brown color; mediolongitudinal band
and lateral dark dots present on abdomen (Fig. 4D) ..........ccccccueueee P, luteus
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We recently published the description of a new rove beetle species Homoeusa ovata
(Nozaki and Maruyama 2022). However, no holotype depository is indicated in the
paper. This is mandatory after 1999 according to the current International Code of
Zoological Nomenclature, and the new species name would be a nomen nudum and
unavailable (ICZN 1999: Art. 16.4.2). In this corrigendum, we indicate the holotype
depository and its etymology, which we did not include in the original paper. We
thank Dr. Alfred E Newton (Field Museum of Natural History, Chicago) for kindly

pointing out this error.
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Homoeusa ovata Nozaki & Maruyama, sp. nov.

Type material. Holotype. “Mt. Maruyama / Sapporo-shi / <Hokkaido, JAPAN> /
6. VI. 1988 / M. Maruyama leg. / trail of ants” (LFcfF). Paratypes. See, Nozaki and
Maruyama (2022).

Type depository. The holotype is deposited at the Kyushu University Museum,
Fukuoka, Japan.

Etymology. The specific epithet ovata refers to the oval body shape of this new species.
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