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Abstract

Two new mealybug species, Paracoccus gillianwatsonae Zhang, sp. nov. and P. wui
Zhang, sp. nov., collected from Jiangxi, South China, are described and illustrated based
on the morphology of adult females. Paracoccus gillianwatsonae is similar to P. burnerae
(Brain, 1915), but it differs in having fewer pairs of cerarii, and in lacking both ventral oral
collar tubular ducts on the margins of the head and translucent pores on the hind femur.
Paracoccus wui resembles P keralae Williams, 2004 and P. neocarens (Lit, 1992), but it
differs in lacking ventral oral collar tubular ducts on the margins of the head and in hav-
ing multilocular disc-pores usually in double rows at the posterior edges of abdominal
segments V and VI. A key to the Paracoccus species found in China is provided.

Key words: Dalbergia hupeana, key, Pinus massoniana, Sternorrhyncha, taxonomy

Introduction

Members of the family Pseudococcidae (commonly known as mealybugs) are
small sap-sucking insects. The Pseudococcidae is the second-largest family
of scale insects, with about 2047 described species in 261 genera worldwide
(Garcia Morales et al. 2016). The mealybug genus Paracoccus was established
by Ezzat and McConnell (1956) with Pseudococcus burnerae Brain, 1915 desig-
nated as the type species. Currently, the genus includes 94 species (Garcia Mo-
rales et al. 2016) and has a wide distribution in temperate and tropical parts of
the world (Moghaddam and Esfandiari 2014). However, molecular phylogenetic
analyses by Hardy et al. (2008) and Choi and Lee (2022) have indicated that
Paracoccus is not monophyletic. Further molecular and morphological studies
on this genus are greatly needed.

In China, Chen et al. (2011) first reported the invasive Paracoccus marginatus
Williams & Granara de Willink, 1992 from Taiwan; later, this species was found
in many places in mainland China, e.g. Fujian (Lin et al. 2019), Guangdong
(Ahmed et al. 2015), Hainan (Wang et al. 2018), Jiangxi (Liao et al. 2021), and
Yunnan (Wu et al. 2014; Zhang and Wu 2015). In addition, Miller et al. (2014)
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reported that three Paracoccus species originating from China had been inter-
cepted at U.S. ports of entry between 1995 and 2012: P. burnerae, P. interceptus
Lit, 1997, and P. marginatus. Together with the two new species described here-
in, there are now five Paracoccus species reported from China.

In this study, Paracoccus gillianwatsonae and P. wui, both collected from
Jiangxi, South China, are described and illustrated based on the morpholo-
gy of adult females. A key to the species of Paracoccus reported from China
is provided.

Materials and methods

Adult female specimens were slide-mounted using the method described by
Borchsenius (1950). The morphological terminology used follows that of Wil-
liams (2004). Body measurements are given in millimeters (mm) and measure-
ments of other structures are given in micrometers (um). Each taxonomic illus-
tration of the adult female is arranged in the usual way for Coccomorpha, with
features of the dorsum shown on the left side and those of the venter on the
right. Enlargements of some important characters, not drawn to scale, are ar-
ranged around the main illustration. The letters and abbreviations used on the
illustrations are explained in the legend below each illustration.

Slides of the new species are deposited in the College of Forestry, Jiangxi
Agricultural University, Nanchang, China (CFJAU) and the Insect Collection
of the Southwest Forestry University, Yunnan, China (SWFU). The slide labels
are written in Chinese. Under ‘Materials examined’, the collection data of
each holotype is listed with /" indicating the positions of the line breaks on
the labels.

Taxonomy

Genus Paracoccus Ezzat & McConnell, 1956

Paracoccus Ezzat and McConnell 1956: 37. Type species: Pseudococcus burn-
erae Brain, by original designation.

Gossypina Salazar 1972: 293. Type species: Gossypina glauca Salazar, by
monotypy and original designation. Synonymized by Williams and Granara
de Willink 1992: 292.

Diagnosis. (adapted and slightly modified from Williams 2004): body of adult
female usually broadly oval. Anal lobes usually developed, each with a partial
or complete ventral anal lobe bar extending from either apical seta or from bar
seta. Antennae each normally 8-segmented. Legs well developed, claw without
a denticle; tarsal digitules knobbed; translucent pores usually present on hind
coxa and tibia. Cerarii numbering as many as 18 pairs, each cerarius bearing 2
conical setae, except some on head and thorax each with 3 or 4 setae; auxiliary
setae usually absent except in anal lobe cerarii. Circulus present or absent.
Anterior and posterior ostioles present. Anal ring normally with 6 setae. Oral
rim tubular ducts present on dorsum and sometimes on venter. Oral collar tubu-
lar ducts present. Multilocular disc-pores present, at least on venter. Trilocular
pores present.
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Paracoccus gillianwatsonae Zhang, sp. nov.
https://zoobank.org/E9FB2EE0-028A-4C6A-96B0-D23596F5ECO1
Figs 1,2

Materials examined. Holotype: 1 @ (mounted singly on a slide), CHINA, Jiangxi,
Yichun City, Fengxin County, Chi'an Town [28°39'55"N, 115°21'9"E] / on the nee-
dles of Pinus massoniana Lamb. (Pinaceae) / 22.ix.2022, coll. Jiang-tao Zhang
(CFJAU). Paratypes: 4 22 (mounted singly on 4 slides), same data as holotype
(3 CRJAU, 1 SWFU).

Etymology. The species is named after Dr Gillian W. Watson (Department of
Life Sciences, the Natural History Museum, London, U.K.), who has selflessly
helped the first author.

Description. Live adult female (Fig. 1). Body elongate-oval, covered with
thin, pale grey, mealy wax and with short, white lateral filaments around poste-
rior body margins; these becoming successively longer on posteriormost four
segments, with caudal filaments longest, each about 1/3 as long as maximum
body width.

Slide-mounted adult female (Fig. 2, n = 5). Body elongate-oval, 1.4-1.8 mm
long and 0.8—-1.0 mm wide. Anal lobes moderately developed, dorsal surface of
each lobe with a small, slightly sclerotized area; ventral surface with long apical
seta, each 180-200 pm long, and anal lobe bar present forwards from apical
seta. Antennae each usually with 8 segments, sometimes with segments IV
and V combined; each antenna 322-360 pm long, length of segments (in pm): |
35.0-37.5,1142.5-47.5,111 42.5-50.0, IV 25.0-30.0, V 22.5-30.0, VI 30.0-37.5,
VII 35.0-40.0 and VIl 85.0-95.0. Eye spot located on body margin lateral to
antennal base. Clypeolabral shield 150-163 pm long and 120-140 pm wide.
Labium 130-148 pm long and 80-95 pm wide, 0.87-0.98 times as long as
clypeolabral shield. Legs well developed; claw stout, without a denticle; both
tarsal digitules and claw digitules apically knobbed, longer than claw; with
translucent pores present on hind coxa and tibia (Fig. 2D, E). Hind leg mea-
surements (in ym): coxa 55-65, trochanter + femur 227-245, tibia + tarsus
242-278, claw 20.0-22.5. Ratio of lengths of hind tibia + tarsus to trochan-
ter + femur 1: 1.10-1.19, ratio of lengths of hind tibia to tarsus 1: 1.67-1.85.
Circulus nearly quadrate, 50—75 pm long and 65—-85 pm wide, situated between
abdominal segments Il and IV, divided by an intersegmental line. Anterior and
posterior ostioles present, each lip with 7-12 trilocular pores and 0-4 setae.
Anal ring 65-80 pm wide, bearing 6 long setae, each seta 112-130 pm long.
Cerarii usually numbering 6 or 7 pairs on abdomen, sometimes also with 1 pair
present on thorax and 1 pair present on head. Anal lobe cerarii (C,,) (Fig. 2H)
each bearing 2 conical setae, each seta 15-17 pym long and 6-7 pm wide at
base, with 1 or 2 auxiliary setae and 10-12 trilocular pores, all situated on a
small slightly sclerotized area. Other cerarii each containing 2 conical setae
and 3-5 trilocular pores. Cerarii C,,, if present, usually each containing only 1
conical seta and 1 short seta. Cerarii on thorax, if present, usually each con-
taining 2 slender conical setae. On head, usually the ocular cerarii (C,) present,
each containing 3 or 4 slender setae. Discoidal pores (Fig. 2C), each narrower
than a trilocular pore, scattered on dorsum and venter.

Dorsum. Setae (Fig. 2I) short, stiff, sometimes spine-like, mostly each 20.0-
32.5 pym long, accompanied by shorter setae, each 7.5-15.0 pym long; setal
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Figure 1. Live adult female of Paracoccus gillianwatsonae Zhang, sp. nov. on a needle of
Pinus massoniana Lamb. (Pinaceae).

bases not closely associated with trilocular pores. Trilocular pores (Fig. 2B),
each 3.0-3.5 pm wide, evenly distributed. Oral rim tubular ducts (Fig. 2J) pres-
ent, numbering 11-24 in total, each duct 11-12 pm long and about 4 ym wide,
with rim 8—9 pm in diameter, usually present singly near margins of head, tho-
rax, and close to cerarii on posterior abdominal segments, and others usually
present in medial or submedial areas of thorax and abdominal segments Il and
11, or only on abdominal segment II.

Venter. Setae relatively long and flagellate, longest setae present on medial
area of head and posterior abdominal segments, each 62.5-125.0 um long, ac-
companied by shorter setae, each 20.0-32.5 pm long. Cisanal setae each 50—
55 pm long; obanal setae each 45-50 pm long. Trilocular pores similar to those
on dorsum, evenly distributed. Multilocular disc-pores (Fig. 2G), each 7-8 umin
diameter, present around vulva in more-or-less single rows at posterior edges
of abdominal segments IV-VII, and scattered or in rows at anterior edges of
abdominal segments VI-VII, sometimes with 2 pores on abdominal segment
[1l; also sparsely present on margins of posterior abdominal segments, and oc-
casionally in submedial areas of thorax. Oral collar tubular ducts of 2 main
sizes present: larger type (Fig. 2A), each 6—7 uym long and about 3.5 pm wide,
present on medial areas of abdominal segments IlI-VII, in marginal groups on
all abdominal segments and opposite each anterior coxa; and smaller type (Fig.
2F), each 5-6 pm long and 2.0-2.5 ym wide, present on medial areas of ab-
dominal segments llI-VII, also sparsely present in marginal areas together with
large ducts, and occasionally present in medial areas of thorax.

Host plant. Pinaceae: Pinus massoniana Lamb.

Distribution. China (Jiangxi).
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Figure 2. Adult female of Paracoccus gillianwatsonae Zhang, sp. nov. A large-type oral collar tubular duct B trilocular pore
C discoidal pore D hind coxa E hind tibia F small-type oral collar tubular duct G multilocular disc-pore H anal lobe cerarius
(C,,) I dorsal seta J oral rim tubular duct.
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Remarks. Paracoccus gillianwatsonae sp. nov. is similar to P. burnerae (Brain,
1915) (morphological characteristics of P. burnerae based on the redescription
and illustration by Williams (2004)) in having ventral multilocular disc-pores in
single rows at the posterior edges of abdominal segments IV and V; it differs
from the latter (character states of P burnerae given in parentheses) by having:
(i) ventral oral collar tubular ducts absent from margins of the head (present);
(ii) cerarii numbering fewer than 18 pairs (18 pairs); and (iii) translucent pores
absent from hind femur (present).

Paracoccus wui Zhang, sp. nov.
https://zoobank.org/150B72B5-4F10-4795-9FC4-C67A338FE302
Figs 3,4

Materials examined. Holotype: 1 ¢ (mounted singly on a slide), CHINA, Jiangxi,
Lushan National Nature Reserve [29°33'N, 115°57'E] / under bark crack of Dalbergia
hupeana Hance (Fabaceae) / 14.ix.2021, coll. Jiang-tao Zhang (CFJAU). Paratypes:
8 29 (mounted singly on 8 slides), same data as holotype (6 CFJAU, 2 SWFU).

Etymology. The species is named after Dr San-an Wu (Beijing Forestry Uni-
versity, Beijing, China), who has made important contributions to the study of
Chinese scale insects and has selflessly helped the first author.

Description. Live adult female (Fig. 3). Body of mature adult female elon-
gate-oval, covered with white, mealy wax; posterior of body with a short, white
ovisac formed of tangled wax filaments.

Slide-mounted adult female (Fig. 4, n = 5). Body elongate-oval to broadly oval,
2.8-3.4 mm long and 1.9-2.5 mm wide. Anal lobes moderately developed, dor-
sal surface of each lobe with a small, slightly sclerotized area; ventral surface
with long apical seta, each seta 225-240 pym long, and anal lobe bar present
forwards from apical seta. Antennae each 355-458 pm long with 8 segments,
length of segments (in pm): | 42.5-55.0, 1l 50.0-62.5, Ill 47.5-62.5, IV 25-35,
V 27.5-50.0, VI 30.0-37.5, VIl 37.5-50.0 and VIII 87.5-110.0. Eye spot locat-
ed on body margin lateral to antennal base. Clypeolabral shield 163-213 pm
long and 150-195 pm wide. Labium 178-225 pm long and 87.5-100.0 ym
wide, 1.03-1.18 times as long as clypeolabral shield. Legs well developed;
claw stout, without a denticle; both tarsal digitules and claw digitules apical-
ly knobbed, longer than claw; with translucent pores present on anterior and
posterior surfaces of hind coxa (Fig. 4E) and on posterior surface of hind tibia
(Fig. 4F). Hind leg measurements (in ym): coxa 80-113, trochanter + femur
275-378, tibia + tarsus 283-360, claw 27.5-32.5. Ratio of lengths of hind tib-
ia + tarsus to trochanter + femur 1: 0.95-1.04, ratio of lengths of hind tibia
to tarsus 1: 1.78-2.35. Circulus nearly quadrate, 115-145 pm long and 125-
188 uym wide, situated between abdominal segments Ill and 1V, divided by an
intersegmental line. Anterior and posterior ostioles present, each lip with some
trilocular pores and 1-5 setae. Anal ring 87.5-112.5 pm wide, bearing 6 long
setae, each 120-145 pm long; occasionally 2 short setae present between long
setae. Cerarii numbering 5-8 recognisable pairs on abdomen, sometimes also
possibly 1-3 pairs discernible on thorax and head. Anal lobe cerarii (Fig. 4l)
each containing 2 conical setae, each seta 16-20 pm long and 7-8 pm wide
at base, 2-5 auxiliary setae and 22-26 trilocular pores, all situated on a small
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Figure 3. Live adult female of Paracoccus wui Zhang, sp. nov. in bark crack of Dalbergia
hupeana Hance (Fabaceae).

slightly sclerotized area. Anterior abdominal cerarii (Fig. 4J) each usually con-
taining 2 smaller conical setae, 4-8 trilocular pores, and sometimes with small
slightly sclerotized at setal bases; the setae in anterior abdominal cerarii some-
times widely spaced, or each reduced to only 1 conical seta, or replaced by
1 or 2 stout setae. Cerarii on thorax and head difficult to recognize because
some marginal dorsal setae sometimes associated with 2—-4 trilocular pores
near setal bases, which can be confused with a cerarius; if cerarii present, each
often with a pair of stout setae similar to those on dorsum, but recognisable as
cerarius by a small concentration of trilocular pores, and sometimes the ocular
cerarii (C,) present, each with 3 or 4 slender setae. Discoidal pores (Fig. 4D) of
varying sizes, with larger pores each usually wider than a trilocular pore (in one
paratype most larger pores about same diameter as a trilocular pore and only a
few pores wider than a trilocular pore), scattered on dorsum and venter.

Dorsum. Setae (Fig. 4K) stout with flagellate tips, sometimes bifurcate; larg-
er setae, each 42.5-62.5 pym long and sometimes with 1 or 2 trilocular pores
near setal base, and shorter setae, each 17.5-37.5 pm long. Trilocular pores
(Fig. 4C), each 3—4 pm wide, evenly distributed. Multilocular disc-pores absent.
Oral rim tubular ducts (Fig. 4L) very few, totaling 1-8 in available specimens,
each about 9 pm long and 4-5 pm wide, with rim 8—9 pym in diameter, mainly
present medially, submedially or submarginally on thorax and anterior abdomi-
nal segments, sometimes singly next to abdominal cerarii C,,, C, and C,_, ducts
usually absent from medially and submedially areas of abdominal segments
IV=VIII. Oral collar tubular ducts usually absent from dorsum, occasionally 1
type of duct, similar to large type of oral collar tubular ducts on venter, singly
present marginally or submarginally on thorax, or abdominal segment |, or ab-
dominal segment IV.
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Figure 4. Adult female of Paracoccus wui Zhang, sp. nov. A ventral seta B large-type oral collar tubular duct C trilocular
pore D discoidal pores E hind coxa F hind tibia G small-type oral collar tubular duct H multilocular disc-pore | anal lobe
cerarius (C,,) J cerarius on abdomen K dorsal seta L oral rim tubular duct.

Venter. Setae (Fig. 4A) relatively long and flagellate, longest setae present on
medial area of head and posterior abdominal segments, each 100-138 pm long,
and shorter setae, each 30.0-62.5 ym long. Cisanal setae each 100-113 pm
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long; obanal setae each 95-105 pym long. Trilocular pores similar to those on
dorsum, evenly distributed. Multilocular disc-pores (Fig. 4H), each 7-8 pm in
diameter, present around vulva, usually in double rows at posterior edges of ab-
dominal segments V-VII, and in single or double rows at the posterior edge of
abdominal segment 1V; others distributed at anterior edges of abdominal seg-
ments V-VII; in addition, a few pores located on submargins of abdominal seg-
ments and sometimes also present on abdominal segment lll; also scattered
pores present on medial and submedial areas of thorax. Oral collar tubular ducts
of 2 main sizes present: larger type (Fig. 4B), each about 8 um long and 3.5-
4.0 ym wide, present mainly on medial areas of abdominal segments IlI-VII, in
marginal groups on thorax and abdomen, also opposite each anterior coxa; and
smaller type (Fig. 4G), each about 6 um long and 2.5-3.0 pm wide, present main-
ly on medial areas of abdominal segments II-VII, also sparsely present in mar-
ginal areas together with large ducts, and occasionally in medial areas of thorax.

Host plant. Fabaceae: Dalbergia hupeana Hance.

Distribution. China (Jiangxi).

Remarks. Paracoccus wui sp. nov. is similar to P. keralae Williams, 2004 in
having only a few dorsal oral rim tubular ducts; it differs from the latter (char-
acter states of P. keralae given in parentheses) by having: (i) ventral oral collar
tubular ducts absent from margins of the head (present); (ii) multilocular disc-
pores usually in double rows at posterior edges of abdominal segments V and
VI (in single rows); and (iii) larger discoidal pores usually each wider than a
trilocular pore (narrower than a trilocular pore).

Paracoccus wui also resembles P neocarens (Lit, 1992) (based on the rede-
scription and illustration by Williams (2004)) in possessing some large discoidal
pores and a reduced number of dorsal oral rim tubular ducts; it differs from the
latter (character states of P. neocarens in parentheses) in having: (i) ventral oral
collar tubular ducts absent from margins of the head (present between anten-
nal bases); and (ii) multilocular disc-pores usually in double rows at posterior
edges of abdominal segments V and VI (in single rows).

Key to adult females of Paracoccus known from China

1 Oral rim tubular ducts present on both dorsum and venter, near margins

(o] o] P. marginatus Williams & Granara de Willink
—  Oral rim tubular ducts present on dorsum only, with at least a few in sub-
median or MEedian @ras ..........c.ccuevveriiiuieiieieieieee ettt 2

2 Ventral oral collar tubular ducts present on margins of the head................
........................................................................................... P. burnerae (Brain)
—  Ventral oral collar tubular ducts absent from margins of the head ........... 3
3  Abdominal segments IV and V with multilocular disc-pores present in sin-
gle rows; labium shorter than clypeolabral shield...............ccccoveviiinnnnnn.
.............................................................................. P. gillianwatsonae sp. nov.
—  Abdominal segments IV and V with multilocular disc-pores present usual-
ly in double rows; labium longer than clypeolabral shield .......................... 4
4  Cerariinumbering 18 pairs; discoidal pores each narrower than a trilocular
1] = OO TP PSSR P. interceptus Lit
—  Cerarii numbering fewer than 18 pairs; larger discoidal pores each usually
wider than a trilocular pore..........cccoooveeiieeececeeeeee P. wui sp. nov.
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Abstract

This paper contains descriptions and illustrations of five new species of the genus
Aulacocentrum Brues, 1922, from Vietnam, viz. Aulacocentrum assitum Long & Pham,
sp. nov.; A. glabrum Long, sp. nov.; A. imparum Long & van Achterberg, sp. nov.; A. inter-
medium Long & van Achterberg, sp. nov.; and A. simulatum Long, sp. nov. Additionally,
Aulacocentrum seticella van Achterberg & He is newly recorded for Vietnam's braconid
fauna. A checklist and a key to the Oriental and East Palaearctic Aulacocentrum species
is provided and the in-country distribution of the Viethamese species is given.

Key words: Australasian, Eastern Palaearctic, Ichneumonoidea, new record, new
species, Oriental, parasitoid

Introduction

Macrocentrinae Foerster, 1863, is a relatively small subfamily of Braconidae
Nees, 1811, comprising eight recognised genera. Aulacocentrum Brues, 1922 is
arather small genus distributed in the Old World tropics and southern part of the
East Palaearctic region. Up to now, Aulacocentrum comprises nine valid species,
of which four species are known from the Oriental region (but the position of
one is uncertain) and one species additionally from the East Palaearctic region.

Aulacocentrum differs from other macrocentrine genera by having the first
metasomal tergite with fine transverse striation and vein SC+R1 of hind wing
strongly bent basally, both absent in A. glabrum sp. nov., but has typical narrowed
marginal cell of hind wing (Fig. 4F). A detailed diagnosis of the genus Aulacocen-
trum was given by van Achterberg (1993b) and He and van Achterberg (1994).
Previous records indicate that Aulacocentrum species are mainly endoparasit-
oids of pyralid larvae (Lepidoptera) (He and van Achterberg 1994; Yu et al. 2016).
In this paper seven species of the genus are reported from Vietnam, of which five
are new to science and one species is newly recorded for the fauna of Vietnam.

The species of the genus Aulacocentrum have been reported as a larval par-
asitoid of economically important pyralid moths; Aulacocentrum philippinense
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(Ashmead), a widespread species, was reported from Botyodes asialis Guenée;
Chilo suppressalis (Walker); Cnaphalocrocis medinalis (Guenée); Crocidolomia
pavonana (Fabricius); Diaphania pyloalis (Walker); Maruca vitrata (Fabricius);
Palpita nigropunctalis (Bremer); and Spoladea recurvalis (Fabricius) (Yu et al.
2016). In Vietnam, A. philippinense was previously reported as endoparasitoid
reared from the rice leaf roller Cnaphalocrocis medinalis (Long and Beloko-
bylskij 2003). In China, A. confusum He and van Achterberg was reported as
parasitoid of several pyralid and crambid moths, such as Ostrinia furnacalis
(Guenée), and Diaphania pyloalis; and A. seticella was recorded as a parasitoid
of Pachyzancla sp. (He and van Achterberg 1994).

Materials and methods

All Aulacocentrum specimens, including holotypes and paratypes, are deposit-
ed in the Institute of Ecology & Biological Resources (IEBR) at Ha Noi, Vietnam.
The collecting was by light traps in open spaces in the forest, but A. seticella
was collected in Malaise traps.

We used an Olympus® SZ61 binocular microscope for this study; specimens
were photographed by KDL using a Sony® 6000 digital camera attached to a
Nikon® SMZ 800N binocular microscope and the figures were processed with
Helicon Focus®8 stacking software and Adobe Photoshop CSS5 to adjust the
size and background. The distribution map for the two new species of Aulaco-
centrum was made using Paraview (https://paraview.org).

For terminology used in this paper, see van Achterberg (1993a), sculpture
terms are based on Harris (1979), and vein terminology follows the modified
Comstock-Needham system (van Achterberg 1993a). For a key to genera of
Macrocentrinae in the Palaearctic region, see van Achterberg (1993b). For addi-
tional references and data, see Yu et al. (2016). Inside Vietnam, the distribution
of the species follows the order of areas and provinces from north to south, and
outside Vietnam, distribution of species follows an alphabetical order.

Abbreviations used in this paper are as follows:

POL minimum postocellar ling;
ooL minimum ocular-ocellar line;
oD maximum diameter of posterior ocellus;

“Macr.+number” code number indexing for Macrocentrinae specimens in the
collection at IEBR;

MT Malaise trap;

NE Northeastern;

S South;

HTHCT Department of Insect Systematics at IEBR;

IEBR Institute of Ecology & Biological Resources, Vietnam Acade-

my of Science and Technology, Ha Noi, Vietnam.

Results
Taxonomy

Class Hexapoda Blainville, 1816

ZooKeys 1197: 13-41 (2024), DOI: 10.3897/zookeys.1197.116092 14



Nhi Thi Pham et al.: Revisionary notes on the genus Aulacocentrum

Order Hymenoptera Linnaeus, 1758
Superfamily Ichneumonoidea Latreille, 1802
Family Braconidae Latreille, 1829

Subfamily Macrocentrinae Foerster, 1863

Genus Aulacocentrum Brues, 1922

Type species. Aulacocentrum pedicellatum Brues, 1922 (examined by CvA).

Checklist and distribution of Oriental and East Palaearctic
Aulacocentrum species

Aulacocentrum assitum Long & Pham, sp. nov. Oriental/Vietnam.
Aulacocentrum confusum He & van Achterberg, 1994. Eastern Palaearctic and

Oriental/China.

Aulacocentrum glabrum Long, sp. nov. Oriental/Vietnam.

Aulacocentrum imparum Long & van Achterberg, sp. nov. Oriental/Vietnam.
Aulacocentrum intermedium Long & van Achterberg, sp. nov. Oriental/Vietnam.
Aulacocentrum longitergiae Sharma, 1978. Oriental/India.

Aulacocentrum nigrum Ku & Park, 1997. Eastern Palaearctic/Korea.
Aulacocentrum philippinense (Ashmead, 1904). Australasian/Indonesia-South

Moluccas; Eastern Palaearctic/China, Japan, Korea; Oriental/India, Indone-
sia, Malaysia, Philippines, Vietnam.

Aulacocentrum seticella van Achterberg & He, 1994. Eastern Palaearctic/China,

Japan, Korea; Oriental/China, India, Indonesia, Malaysia, Singapore, Vietnam.

Aulacocentrum simulatum Long, sp. nov. Oriental/Vietnam.

Key to Oriental and East Palaearctic Aulacocentrum species

1

2

FOMI@IE....oe et 2
Male (as far @S KNOWN) ........ccoouioviieiiiiieeeceeeeeeeeeee e 10
Vein SR of hind wing strongly bent basally, and near to or almost touching
anterior wing margin at constriction (Figs 2I, 13D); first metasomal tergite
flat basally (Fig. 2F).....cooireieieieeeeeeeee e 3
Vein SR of hind wing curved to moderately bent basally, remaining dis-
tinctly removed from anterior wing margin (Figs 4F, 6J, 8H, 10J); first
metasomal tergite with basal depression (Figs 4G, 6F, 81, 10K, 12I), rarely
with shallow depression basally (A. philippinense).........c..cccccceevvveeuennnee. 4
Maxillary palp 2.2x height of head; fore wing vein 1-CU1 0.4x as long as
vein cu-a (Fig. 2H); hind wing marginal cell parallel-sided apically (Fig. 2I);
maximum length of second submarginal cell of fore wing 2.4x its apical
width; vein Tr-m of hind wing 1.1x as long as vein 1-M and vein 1-M 0.6x as
long as vein cu-a; notauli separated posteriorly by longitudinal carina-like
rugosity (Fig. 2D); first metasomal tergite smooth basally; propleuron dark
brown; hind coxa brown apically; first metasomal tergite black apically
(Fig. 2F) oo A. assitum Long & Pham, sp. nov.
Maxillary palp 1.6—1.7x height of head; fore wing vein 1-CU1 0.8x vein cu-
a; hind wing marginal cell widened apically (Fig. 13D); maximum length
of second submarginal cell of fore wing 3.0x its apical width; vein 1r-m of
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hind wing 0.9x as long as 1-M and 1-M 0.9x vein cu-a; notauli fused pos-
teriorly into transverse rugulose area (Fig. 13B) or ending in a long carina;
first metasomal tergite with sparse, convergent striations basally; prop-
leuron yellow (Fig. 13C); hind coxa and first metasomal tergite yellow ......
................................................................... A. seticella van Achterberg & He
4 Ocelli large, OOL = 0.5-0.6x OD (Figs 4A, 12A); first metasomal tergite
with deep medio-basal depression (Figs 4G, 121) ......ccccceevevveieivvereeennne, 5
-~ Ocelli small to medium-sized, OOL = 1.0-1.1x OD (Figs 6A, 10A; see van
Achterberg 1993b: fig. 3); first metasomal tergite flat or with shallow me-
dio-basal depression (Figs 6F, TOK) .......c.ccooivveiiiiiiieieiieeceeeeeeee e, 6
5  Vein SC+R1 of hind wing curved basally; basal cell apically and marginal cell
basally of hind wing largely glabrous (Fig. 4F); marginal cell of hind wing
distinctly narrowed medially and widened apically (Fig. 4F); first metasomal
tergite with striation subapically (Fig. 4G).............. A. glabrum Long, sp. nov.
—  Vein SC+R1 of hind wing distinctly bent basally; basal cell apically and
marginal cell basally of hind wing setose (Fig. 12G); marginal cell of hind
wing weakly narrowed medially and subparallel-sided apically (Fig. 12G);
first metasomal tergite with transverse or curved transverse striation sub-
apically (Fig. T21) c.ocoeveeeeeiieeeeeeeeeee, A. simulatum Long, sp. nov.
6  Antennal flagellum without median pale coloured (ivory) flagellomeres; all
coxae and metasomal tergites mainly black; vein 1r-m of hind wing 0.6x
as long as vein 1-M; scapus black ventrally; [first tergite ~ 3.7x its apical
WIAEh] ..o A. nigrum Ku & Park
- Antennal flagellum with median pale coloured (ivory) flagellomeres; fore
and middle coxae yellow and hind coxa reddish yellow; basal 1/3 of first
tergite and basal 2/3 of third tergite pale yellow (Figs 6F, 10K); vein 1r-m
of hind wing 0.8-0.9x as long as vein 1-M; scapus whitish yellow or dark
brown ventrally (Figs 6B, TOB) .........ccocevueieiiiiieecicceeeeeeeeee e 7
7  Clypeus basally less convex (He and van Achterberg 1994: figs 38, 39);
malar space comparatively short (He and van Achterberg 1994: fig. 32);
scapus dark brown, similarly coloured as first flagellomere or distinctly
darker; hind trochantellus with 5-10 teeth, usually in two or three rows
(He and van Achterberg 1994: figs 35, 42)......ccccecvvveiireieieiieeeeee e,
............................................................... A. confusum van Achterberg & He
- Clypeus basally more convex (Figs 6B, 10B, 15B; He and van Achterberg
1994: figs 25, 26); malar space longer (Figs 6B, 10B, C; He and van Achter-
berg 1994: fig. 26); scapus at least partly ivory or pale yellowish ventrally,
much paler than dark brown or blackish first flagellomere; teeth on hind
trochantellus variable.............ccooioiiiiiii e 8
8  First metasomal tergite basally flat or near so (see Fig. 5 in van Achterberg
1993b); laterope more or less differentiated from glymma; second tergite dis-
tinctly constricted medio-laterally; hind coxa largely smooth with some trans-
verse striae apically; hind femur mostly yellowish brown apically and yellow
basally (but hind femur dark brown in males)...... A. philippinense (Ashmead)
- First metasomal tergite with basal depression (Figs 6F, 10K); laterope
large, merged into deep groove posteriorly (Figs 6H, 10G); second terg-
ite slightly constricted medio-laterally (Figs 6F, 10K); hind coxa punctate
with transverse oblique striae apically (Fig. 6G); hind femur mostly dark to
blackish brown and brownish yellow at extreme base.............ccccoevvennnnen. 9
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9  First metasomal tergite with dorsal carinae (Fig. 6F); vein 1-SR+M of fore
wing angularly bent medially (Fig. 6l); vein SC+R1 of hind wing less bent
(Fig. 6J); vein 2-SC+R of hind wing quadrate (Fig. 6J); length of hind fe-
mur 8.4x its maximum width; hind coxa remotely punctate dorsally, with
oblique striae dorso-apically (Fig. 6G); mesopleuron, metapleuron and
propodeum black (Fig. 6C)....A. imparum Long & van Achterberg, sp. nov.

- First metasomal tergite without dorsal carinae (Fig. 10K); vein 1-SR+M of
fore wing evenly curved medially (Fig. 10H); vein SC+R1 of hind wing more
bent (Fig. 10J); vein 2-SC+R of hind wing longitudinal (Fig. 10J); length of
hind femur 9.2x its maximum width; hind coxa densely punctate dorsally,
with transverse striae dorso-apically (Fig. 101); mesopleuron dark brown,
metapleuron entirely, propodeum basally and laterally pale yellow (Fig.
TOF) o A. intermedium Long & van Achterberg, sp. nov.

10 Antennal flagellum unicoloured, without median pale flagellomeres; head
and hind tibia reddish brown; length of first tergite 6.0x its apical width
[marginal cell of hind wing strongly constricted subbasally; female un-
Known; INdia].......c.oveveviiiieiieiecccee e A. longitergiae Sharma

- Antennal flagellum bicoloured, with median pale flagellomeres (Figs 7,
14); head entirely black (Figs 8A, 15A); hind tibia mostly blackish brown to
black; length of first tergite 3.8—4.3x apical width................ccccoeeveeinnn. 11

11 Clypeus less convex; malar space rather short (Fig. 8C); first metasomal terg-
ite parallel-sided, with rather deep basal depression (Fig. 8l); vein 1-SR+M of
fore wing angularly bent medially (Fig. 8F); vein 1r-m of hind wing 0.7x 1-M;
vein 2-SC+R of hind wing quadrate (Fig. 8H); hind coxa rather short, distinct-
ly depressed dorso-apically, sparsely punctate dorsally and smooth apically
(Fig. 8G); body length 7.8 mm....A. imparum Long & van Achterberg, sp. nov.

- Clypeus more convex; malar space longer (Fig. 15C); first metasomal
tergite gradually widened posteriorly, with shallow medio-basal depres-
sion (Fig. 15H); vein 1-SR+M of fore wing evenly curved medially (Fig. 15I);
vein 1r-m of hind wing 0.9x 1-M; vein 2-SC+R longitudinal (Fig. 15J); hind
coxa elongate, sparsely punctate dorsally, weakly depressed dorso-api-
cally and with some fine transverse striae apically (Fig. 15G); body length
7.5=9.0 MM oo A. philippinense (Ashmead)

The type species, Aulacocentrum pedicellatum Brues (described from Fiji but
also known from the Australian region) is not included in the key because it has
never been found in the Oriental region. Aulacocentrum pedicellatum Brues can
be separated by the following characters: widened subbasal part of marginal
cell of hind wing largely glabrous, rarely only medially glabrous (see He and van
Achterberg 1994: figs 24, 37); length of first tergite 5.0—-8.0x its apical width;
apical 1/2 of wing membrane infuscate; mesosoma dark reddish brown; length
of body usually more than 11.0 mm. The position of A. longitergiae Sharma,
1978 is uncertain because the holotype is unavailable for study. According to
the author, the holotype was largely lost during handling (Sharma pers. comm.
to CvA July 1985). Aulacocentrum longitergiae Sharma is provisionally included
and may be distinguished as follows: widened subbasal part of marginal cell of
hind wing completely setose; length of first tergite 6.0x its apical width; apical
1/2 of wing membrane hyaline; mesosoma reddish brown or infuscate; length
of body less than 11.0 mm; flagellum unicoloured (in male, female unknown),
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without pale flagellomeres; head and hind tibia reddish brown (Sharma 1978;
He and van Achterberg 1994).

For the redescription of A. philippinense (Ashmead), see van Achterberg
(1993b: 6—-8) and figures therein; for the detailed descriptions of A. confusum
and A. seticella, see He and van Achterberg (1994: 160-163 and of A. nigrum
Ku and Park, see Ku and Park (1997: 212-213), and figures therein. For the key
in this paper, we used the comparative characters of A. philippinense and A. set-
icella of specimens collected in Vietnam.

In Vietnam, Aulacocentrum philippinense (Ashmead) was previously report-
ed by Long and Belokobylskij (2003) as solitary parasitoid of the rice leaf folder,
Cnaphalocrocis medinalis (Pyralidae). All the species found in Vietnam have
morphological characters that fit well to Aulacocentrum in the key to genera
and the diagnosis of this genus provided by van Achterberg (1993b), except
A. glabrum sp. nov.: marginal cell distinctly narrower medially than basally and
more or less broadly widened apically; first metasomal tergite elongate, flat ba-
sally or with medio-basal depression, 3-6x as long as its apical width; antenna
of both sexes often bicoloured (a variable character in Aulacocentrum).

Descriptions of species

Aulacocentrum assitum Long & Pham, sp. nov.
https://zoobank.org/91B36A32-E69B-427B-9B30-715174C971E2
Figs1,2,16

Material. Holotype, @, “Macr.147” (IEBR), NE Vietnam: Ha Giang, Vi Xuyen,
Phong Quang, forest, 22°54'00"N, 104°54'56"E; 650 m a.s.l; light trap, 26.v.2022,
PT Nhi, PV Phu.

Description. Holotype, female, body length 7.4 mm, fore wing length 6.2 mm,
antenna 12.2 mm, ovipositor sheath 7.6 mm (Fig. 1).

Head. Antenna with 48 flagellomeres; flagellum densely setose; first flagel-
lomere 1.4x second one; length of first and second flagellomeres 7.5 and 5.5x
their widths, respectively; subapical antennomere 2.0x its width; apical flagel-
lomere with long spine; in frontal view, width of face 1.2x its length (Fig. 2B);
length of maxillary palp 2.2x height of head; face shiny, punctate; malar space
as long as basal width of mandible; clypeus convex, finely punctate (Fig. 2B);
distance between tentorial pits 1.8x distance from pit to eye margin; in lateral
view, eye 3.5x temple medially; head transverse, in dorsal view, head 2.1x as
wide as long; and width of head 0.6x median length; temple short, eye 13.5x as
long as temple; ocelli large, OOL: OD: POL = 6: 8: 7 (Fig. 2A); frons, temple, and
vertex coriaceous.

Mesosoma. Length of mesosoma 1.4x its height (Fig. 2E); pronotal trough
crenulate medially, mostly smooth dorsally, sparsely punctate ventrally;
propleuron densely punctate (Fig. 2E); middle lobe of mesoscutum without
impressions anteriorly; notauli narrow, mostly smooth anteriorly, punctate pos-
teriorly; notauli fused posteriorly, separating by mid-longitudinal rugosity (Fig.
2D); median lobe of mesoscutum smooth, with sparse fine punctures; later-
al lobes of mesoscutum mostly smooth, with sparse punctures near notauli;
scutellum convex, with dense fine punctures; mesopleuron densely punctate
(Fig. 2E); metapleuron rugose-punctate; propodeum foveolate-rugose (Fig. 2C).
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Figure 1. Habitus of Aulacocentrum assitum Long & Pham, sp. nov., holotype, female, lateral, “Macr.147" (IEBR).

Wings. Length of fore wing 2.9x its maximum width (Fig. 2H); length of
pterostigma 4.0x its width; fore wing vein SR1 2.3x as long as vein 3-SR; vein r
originating behind middle of pterostigma, r: 3-SR: SR1 = 11: 25: 57, cu-a slightly
inclivous (Fig. 2H), cu-a: 1-CU1: 2-CU1 = 9: 4: 33; 2-SR: 3-SR: r-m = 17: 25: 7,
second submarginal cell of fore wing narrowed distally; hind wing vein cu-a:
1-M: 1r-m = 15: 12: 13; vein 2-SC+R vertical; vein SR strongly bent basally, at
constriction mostly touching the frontal wing margin (Fig. 2I).

Legs. Hind coxa sparsely setose; length of femur, tibia, and basitarsus of
hind leg 7.8, 17.8, and 14.0x their maximum widths, respectively; left hind tro-
chantellus with two teeth apically (Fig. 2G); tibial spurs straight, setose, length
of hind inner and outer tibial spurs 0.4x and 0.3x hind basitarsus combined;
length of hind basitarsus 0.4x hind tibia and 1.1x second—fifth tarsal segments.

Metasoma. Length of metasoma 1.5x head and mesosoma combined; first
tergite parallel-sided, flat medio-basally, length 5.1x its apical width; mostly
smooth anterior of spiracle, transversely rugose from spiracle to apex; median
length of second tergite 1.2x third tergite; second tergite narrowed medio-lat-
erally (Fig. 2F), with fine convergent striae; third tergite with fine parallel stri-
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Figure 2. Aulacocentrum assitum Long & Pham, sp. nov., holotype, female, “Macr.147” (IEBR) A head, dorsal B head,
frontal C propodeum, dorsal D mesonotum E mesopleuron F first—third metasomal tergites G hind femur H fore wing

I hind wing.
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ae basally; finely punctate apically; fourth—sixth metasomal tergites punctate,
densely setose (Fig. 2F); length of ovipositor sheath 1.2x fore wing.

Colour. Head black; scapus dark brown, cream-white ventrally; pedicel yel-
low; flagellum brown with flagellomeres 9t—18™ ivory; mandible yellow; palpi
whitish yellow; propleuron brown; middle lobe of mesoscutum and scutellum
yellowish brown; lateral lobes of mesoscutum, mesopleuron, metapleuron, and
propodeum reddish yellow; fore and middle legs yellow; hind coxa yellow ba-
sally, brown apically; hind trochanter and trochantellus infuscate; hind femur
dark brown; hind tibia mostly brown, pale yellow basally, cream-white apically;
hind tibial and tarsus cream-white; tegula brownish yellow; wing membrane hy-
aline; veins yellowish brown, except vein 1-R1 and parastigma whitish yellow;
pterostigma brown, pale yellow apically; metasoma brown, except first tergite
basally, second and third metasomal tergites laterally and ventrally pale yellow;
ovipositor sheath brown; ovipositor yellow.

Male. Unknown.

Biology. Unknown.

Etymology. From assitus (Latin for “near”), because this new species is close
to A. seticella van Achterberg & He, 1994, from China.

Distribution. NE Vietnam (Ha Giang province) (Fig. 16).

Notes. This new species is close to A. seticella van Achterberg & He, but dif-
fers from the latter by the following characters: 1) length of maxillary palp 2.2x
height of head (1.6-1.7x in A. seticella); 2) marginal cell of hind wing as wide
basally as apically (Fig. 21) (strongly widened basally in A. seticella, see He and
van Achterberg 1994: fig. 18); and 3) second metasomal suture distinct, basal
1/3 of third tergite finely striate (second suture indistinct, more than basal 1/2
of third tergite finely striate in A. seticella).

Aulacocentrum glabrum Long, sp. nov.
https://zoobank.org/798AD0C1-3AFB-4C60-8329-8DDC4FB2DB5C
Figs 3,4,16

Material. Holotype, 2, “Macr.050" (IEBR), S Vietnam: Dong Nai, Vinh Cuu, Phu Ly,
forest, 11°22'52.3"”N, 107°03'43.6"E; 107 m a.s.l, light trap, 03.viii.2008, HV Tru.

Description. Holotype, female, body length 12.0 mm, fore wing length
9.4 mm, antenna 17.6 mm, ovipositor sheath 13.4 mm (Fig. 3).

Head. Antenna with 51 flagellomeres; first flagellomere 1.3x second one;
length of first and second flagellomeres 3.8 and 4.4x their widths, respectively;
length of subapical antennomere 2.7x its width; in frontal view, width of face
0.8x its length (Fig. 4B); length of maxillary palp 2.0x height of head; face dense-
ly punctate medially, sparsely punctate laterally (Fig. 4B); malar space 0.9x as
long as basal width of mandible; clypeus slightly convex ventrally, sparsely finely
punctate (Fig. 4B); distance between tentorial pits 1.3x distance from pit to eye
margin; in dorsal view, width of head 2.2x median length; temple short, smooth,
eye 15.5x temple; ocelli large, OOL: OD: POL = 6: 9: 9 (Fig. 4A); frons smooth.

Mesosoma. Length of mesosoma 1.4x its height (Fig. 4E); pronotal trough
finely and densely crenulate medially, shiny smooth dorsally, finely punctate
ventrally; propleuron densely punctate (Fig. 4E); middle and lateral lobes of me-
soscutum mostly coriaceous, with sparse fine punctures; notauli crenulate an-
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Figure 3. Habitus of Aulacocentrum glabrum Long, sp. nov., holotype, female, lateral, “Macr.050” (IEBR).

teriorly, strongly converging posteriorly in a sharp V-shaped depression, divided
by mid-longitudinal rugosity (Fig. 4D); scutellar sulcus wide, with one median
carina, 0.5x as long as scutellum; scutellum convex, rugose-punctate; meso-
pleuron densely punctate (Fig. 4E); metapleuron rugulose; propodeum reticu-
late-rugulose (Fig. 4C).

Wings. Length of fore wing 5.2x its maximum width; length of pterostigma
5.2x its width; fore wing vein SR1 2.2x as long as vein 3-SR; r: 3-SR: SR1 = 12:
37: 80; vein 1-CU1 quadrate; cu-a: 2-CU1 = 11: 52; 2-SR: 3-SR: r-m = 21: 37: 10;
second submarginal cell of fore wing narrowed distally; hind wing vein 2-SC+R
thick, nearly quadrate; vein 1-M weakly curved basally; hind wing vein cu-a: 1-M:
Tr-m = 22: 22: 16; vein SR strongly bent basally (Fig. 4F), and marginal cell
largely glabrous basally, wider medially than basally and apically, parallel-sided
medially and distinctly widened apically (Fig. 4F).

Legs. Hind coxa densely setose latero-ventrally, but without setae dorso-api-
cally; length of femur, tibia, and basitarsus of hind leg 9.1, 17.0, and 12.3x their
maximum widths, respectively; left hind trochantellus with four teeth apically
(Fig. 4H); length of hind inner and outer tibial spurs 0.4x and 0.3x hind basi-
tarsus, respectively; length of hind basitarsus 0.4x hind tibia and as long as
second—fifth tarsal segments combined.

Metasoma. Length of metasoma 1.6x head and mesosoma combined; first
tergite deeply concave medio-basally (Fig. 4G), length of first tergite 3.6x its
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Figure 4. Aulacocentrum glabrum Long, sp. nov., holotype, female, “Macr.050” (IEBR) A head, dorsal B head, frontal
C propodeum D mesonotum E mesopleuron F hind wing G first—third metasomal tergites H left hind femur, outer side.
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apical width; median length of second tergite 1.1x third tergite; first metasomal
tergite transversely striate basally, transverse-obliquely striate medio-subapi-
cally, obliquely striate at apex; second tergite with convergent striae on most
part of tergite, but with parallel striae apically (Fig. 4G); third tergite with fine
striae, mostly smooth apically; remaining metasomal tergites sparsely punc-
tate, with sparse long setae; length of ovipositor sheath 1.4x fore wing.

Colour. Head dark brown; palpi yellow; scapus and pedicellus dark brown; flagel-
lum brown with flagellomeres 8"—18t" yellow; mesosoma brown; wing veins yellow-
ish brown; tegula yellow; parastigma, pterostigma basally and apically yellow; wing
membrane hyaline; fore and middle legs yellow; hind coxa (except apically brown),
trochanter and trochantellus yellow; hind tibia brown, except yellow at base; hind
tarsus and tibial spurs yellow; metasoma blackish brown, except basal 1/2 of first
and third tergites pale yellow; ovipositor sheath brown; ovipositor yellow.

Male. Unknown.

Biology. Unknown.

Etymology. From glaber (Latin for hairless), referring to the hind wing with
both the basal cell apically and the marginal cell basally glabrous.

Distribution. S Vietnam (Dong Nai province) (Fig. 16).

Notes. This new species can be distinguished from other species by the
following characters: marginal cell of hind wing largely glabrous basally, and
vein 1-CU1 of fore wing quadrate.

Aulacocentrum imparum Long & van Achterberg, sp. nov.
https://zoobank.org/3C625000-324F-452E-98A5-3C510B6E3672
Figs 5-8, 16

Material. Holotype, ¢, “Macr.172” (IEBR), NE Vietnam: Tuyen Quang, Lam Binh,
Thac Nghien, forest, 22°34.334'N, 105°16.762'E; 114 m, light trap, 21.ix.2017,
HTHCT. Paratype, 17, “Macr.170” (IEBR), NE Vietnam: topotypic.

Description. Holotype, female, body length 9.8 mm, fore wing length 7.5 mm,
ovipositor sheath 10.5 mm (Fig. 5).

Head. Antenna incomplete, with six flagellomeres remaining; first flag-
ellomere 1.5x second; length of first and second flagellomeres 6.5 and 4.2x
their widths, respectively; in frontal view, width of face 0.9x its length (Fig. 6B);
length of maxillary palp 1.7x height of head; face densely punctate medially,
sparsely punctate laterally (Fig. 6B); malar space 1.1x as long as basal width of
mandible; clypeus straight ventrally, sparsely, finely punctate; distance between
tentorial pits 1.2x distance from pit to eye margin; in dorsal view, width of head
2.8x median length (Fig. 6A); eye 9.3x as long as temple; ocelli medium-sided,
OOL: OD: POL = 9: 9: 10 (Fig. 6A); frons, vertex and temple smooth.

Mesosoma. Length of mesosoma 1.4x its height (Fig. 6E); pronotal trough
largely crenulate medially, mostly smooth ventrally and dorsally; propleuron
densely punctate (Fig. 6E); middle lobe of mesoscutum rugulose dorsally;
punctate ventrally; notauli sparsely crenulate anteriorly, narrowly fused poste-
riorly with median rugosity (Fig. 6D); scutellar sulcus with five median carina,
0.5x scutellum; scutellum densely punctate; mesopleuron and metapleuron
largely rugose-punctate (Fig. 6E); propodeum mostly transversely rugulose me-
dially (Fig. 6C).
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Figure 5. Habitus of Aulacocentrum imparum Long & van Achterberg, sp. nov., holotype, female, lateral, “Macr.172" (IEBR).

Wings. Length of fore wing 3.0x its maximum width (Fig. 6l); length of
pterostigma 3.2x its width; vein SR1 of fore wing 2.1x as long as vein 3-SR; r:
3-SR: SR1 = 10: 29: 60; vein 1-SR+M of fore wing angularly bent medially (Fig.
6l); cu-a: 1-CU1: 2-CU1 = 14: 4: 60; 2-SR: 3-SR: -m = 18: 29: 10; second submar-
ginal cell of fore wing narrowed distally; hind wing with vein 2-SC+R quadrate
(Fig. 6J); vein of hind wing cu-a: 1-M: 1r-m = 15: 13: 10; marginal cell sparsely
setose, slightly widened apically.

Legs. Hind coxa densely setose latero-ventrally, densely punctate dorsally,
with fine oblique striation apically (Fig. 6G); length of femur, tibia, and basi-
tarsus of hind leg 8.4, 16.4, and 8.0x their maximum widths, respectively; left
hind trochantellus with three teeth apically; length of hind inner and outer tibial
spurs 0.4x and 0.3x hind basitarsus, respectively; length of hind basitarsus 0.3x
hind tibia and 1.3x second-fifth tarsal segments combined.

Metasoma. Length of metasoma 1.4x head and mesosoma combined; first
tergite slightly concave medio-basally (Fig. 6F), length of first tergite 3.8x its
apical width; laterope large (Fig. 6H); second tergite slightly longer than third
tergite medially; first metasomal tergite mostly transversely striate; second
tergite weakly constricted medio-laterally, with convergent striae on basal 2/3
of tergite, parallel striation on apical third of tergite (Fig. 6F); third tergite finely
striate on basal 2/3 of tergite; remaining metasomal tergites coriaceous, with
dense setae (Fig. 6F); length of ovipositor 1.4x fore wing.

Colour. Head and mesosoma black; scapus pale yellow, brown dorsally;
palpi yellow; fore leg pale yellow, except fore tarsus brownish yellow; middle
leg yellow, except middle tarsus brownish yellow; hind coxa brownish yellow,
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Figure 6. Aulacocentrum imparum Long & van Achterberg, sp. nov., holotype, female, “Macr.172" (IEBR) A head, dorsal
B head, frontal C propodeum D mesonotum E mesopleuron F first-third metasomal tergites, arrow indicates medio-basal
depression G hind coxa, dorsal H first metasomal tergite, lateral | fore wing, arrow indicates vein 1-SR+M of fore wing

angularly bent medially J hind wing.
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Figure 7. Habitus of Aulacocentrum imparum Long & van Achterberg, sp. nov., paratype, male, lateral, “Macr.170” (IEBR).

trochanter and trochantellus; hind femur blackish brown, yellow at extreme
base; hind tibia blackish brown apically, cream-white basally; hind tibial spurs
and tarsus cream-white; tegula cream-white; wing veins brown; parastigma
yellow; pterostigma brown, yellow basally and apically; wing membrane hya-
line; basal 1/2 of first metasomal tergite pale yellow; apical 1/2 of first tergite
and second tergite black; basal 2/3 of third tergite pale yellow, apical 1/3
black; first—third sternites pale yellow and remainder black; ovipositor sheath
brown; ovipositor yellow.

Variation male. Paratype, “Macr.170” (IEBR), body length 7.5 mm, fore wing
length 5.5 mm (Fig. 7).

Head. Antenna with 41 flagellomeres; first flagellomere 1.3x second; length
of first and second flagellomeres 6.7 and 5.0x their widths, respectively; in fron-
tal view, width of face 0.9x its length (Fig. 8B); length of maxillary palp 1.4x
height of head; face densely punctate medially, sparsely punctate laterally (Fig.
8B); malar space 1.1x as long as basal width of mandible; clypeus weakly con-
vex in lateral view (Fig. 8C); straight ventrally, sparsely punctate; distance be-
tween tentorial pits 1.4x distance from pit to eye margin; in dorsal view, width
of head 2.7x median length; eye 7.7x as long as temple; OOL: OD: POL = 6: 6: 9
(Fig. 8A); frons, vertex and temple coriaceous.

Mesosoma. Length of mesosoma 1.5x its height; pronotal trough largely cren-
ulate medially, mostly smooth ventrally and dorsally; propleuron rugose-punc-
tate (Fig. 8E); notauli sparsely crenulate anteriorly, narrowly fused posteriorly
with median rugosity (Fig. 8D); middle lobe of mesoscutum rugulose dorsally;
punctate ventrally; median lobes of mesoscutum sparsely punctate; scutellar
sulcus 0.4x scutellum, with one median carina; scutellum densely punctate; me-
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Figure 8. Aulacocentrum imparum Long & van Achterberg, sp. nov., paratype, male, “Macr.170” (IEBR) A head, dorsal
B head, frontal C head, lateral D mesonotum E mesopleuron F fore wing, arrow indicates angular curve of vein 1-SR+M
G hind coxa, dorsal H hind wing (part) | first-third metasomal tergites, arrow indicates medio-basal depression.
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sopleuron rugose-punctate medially, densely punctate ventrally (Fig. 8E); meta-
pleuron rugose-punctate; propodeum mostly transversely rugulose medially.

Wings. Length of fore wing 3.5x its maximum width (Fig. 8F); length of
pterostigma 4.8x its width; vein SR1 of fore wing 2.1x as long as vein 3-SR;
r: 3-SR: SR1 = 10: 25: 52; vein 1-SR+M of fore wing angularly bent medially
(Fig. 8F); cu-a: 1-CU1: 2-CU1 = 6: 3: 37; 2-SR: 3-SR: -m = 14: 25: 10; second
submarginal cell of fore wing narrowed distally; hind wing vein 2-SC+R quad-
rate (Fig. 8H); vein of hind wing cu-a: 1-M: 1r-m = 16: 12: 10; marginal cell
sparsely setose.

Legs. Hind coxa with discrete punctures dorsally, distinctly depressed dor-
so-apically and mostly smooth (Fig. 8G); length of femur, tibia, and basitarsus
of hind leg 8.5, 16.8, and 9.0x their maximum widths, respectively; left hind tro-
chantellus with three teeth apically; length of hind inner and outer tibial spurs
0.4x and 0.3x hind basitarsus, respectively; length of hind basitarsus 0.4x hind
tibia and 1.2x second-fifth tarsal segments combined.

Metasoma. Length of metasoma 1.5x head and mesosoma combined; first
metasomal tergite parallel-sided, with deep medio-basal depression (Fig. 8l),
length 4.0x its apical width; second tergite 1.2x third tergite medially; first
metasomal tergite mostly transversely striate; second tergite with convergent
striae on basal 2/3 of the tergite, parallel striation on apical 1/3 of tergite (Fig.
8l); third tergite finely striate on basal 2/3 of tergite; remaining metasomal terg-
ites coriaceous, with dense setae.

Colour. Head black; scapus whitish yellow, brown dorsally; palpi whitish
yellow; antenna brown basally and apically, with 11*"—=19" flagellomeres ivory;
pronotum whitish yellow; mesoscutum blackish brown to black; mesopleuron
tricoloured, dark brown dorso-anteriorly, brown ventrally and yellow posteriorly;
metapleuron entirely yellow (Fig. 8E); propodeum dark brown posteriorly, yellow
anteriorly and laterally; fore and middle legs pale yellow; hind coxa reddish yel-
low (Fig. 8G); trochanter and trochantellus pale yellow; hind femur dark brown,
yellow basally; hind tibia blackish brown in apical 3/4 of the tibia, cream-white
in basal 1/4 ; hind tibial spurs and tarsus cream-white; tegula cream-white; wing
veins brown; vein 1-R1 and parastigma yellow; pterostigma brown, yellow ba-
sally; wing membrane hyaline; basal 1/3 of first metasomal tergite pale yellow;
apical 1/2 of first tergite and second tergite blackish brown; basal 2/3 of third
tergite yellow, apical 1/3 brown; its remainder black.

Biology. Unknown.

Etymology. From impar Latin for unequal, odd, different, because in both sex-
es, left fore wing with vein 1-SR+M angularly bent medially.

Distribution. NE Vietnam (Tuyen Quang province) (Fig. 16).

Notes. This new species (both sexes) is closely related to A. philippinense
(Ashmead) but can be separated from the latter by the following characters:
1) first metasomal tergite with basal depression (vs flat in A. philippinense);
2) second metasomal tergite (female) weakly constricted medio-laterally (vs
distinctly constricted medio-laterally in A. philippinense); 3) OOL equal to OD;
stemmaticum coriaceous (OOL slightly longer than OD, and stemmaticum ru-
gulose in A. philippinense) and 4) vein 1-SR+M of fore wing angularly bent me-
dially (vs evenly curved in A. philippinense).
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Aulacocentrum intermedium Long & van Achterberg, sp. nov.
https://zoobank.org/4800309E-1E86-4407-B01E-39A20A0938EE
Figs 9,10, 16

Material. Holotype, ¢, “Macr.174” (IEBR), NE Vietnam: Cao Bang, Ha Quang,
Yen Son, forest, 22°47'11.2"N, 104°54'06"E, 987 m, light trap, 12.vi.2023, Pham
TN, Pham VP, Dang TH.

Description. Holotype, female, body length 8.9 mm; fore wing length 7.8 mm;
ovipositor 9.0 mm (Fig. 9).

Head. Antenna with 47 flagellomeres; first flagellomere 1.2x second one;
length of first and second flagellomeres 6.0 and 4.8x their widths, respective-
ly; in frontal view, width of face 0.9x its length (Fig. 10B); length of maxillary
palp 1.4x height of head; face densely punctate; malar space as long as basal
width of mandible (Fig. 10C); clypeus less convex (Fig. 10C); straight ventrally,
sparsely, finely punctate; distance between tentorial pits 1.6x distance from pit
to eye margin; in dorsal view, width of head 2.6x median length (Fig. 10A); eye
8.5x as long as temple; OOL: OD: POL = 7: 8: 10 (Fig. 10A); frons, vertex and
temple shiny, smooth.

Mesosoma. Length of mesosoma 1.5x its height (Fig. 10E); pronotal trough
largely crenulate medially, mostly smooth ventrally and dorsally; propleuron
with fine dense punctures (Fig. 10E); middle lobe of mesoscutum densely punc-
tate; lateral lobes of mesoscutum sparsely punctate; notauli narrow, sparsely
crenulate anteriorly, narrowly fused posteriorly with median rugosity (Fig. 10D);
scutellar sulcus with three median carina, 0.5x scutellum; scutellum densely
punctate; mesopleuron and metapleuron largely rugose-punctate (Fig. 10E);
propodeum mostly irregularly rugulose (Fig. 10F).

Wings. Length of fore wing 4.1x its maximum width (Fig. 10H); length of
pterostigma 4.9x its width; fore wing vein SR1 2.2x as long as vein 3-SR; r:
3-SR: SR1 =10: 28: 63; cu-a: 1-CU1: 2-CU1 = 4: 9: 50; 2-SR: 3-SR: -m = 13: 28:
9; second submarginal cell of fore wing narrowed distally; hind wing with vein
2-SC+R horizontal (= longitudinal); vein SC+R1 evenly curved (Fig. 10J); cu-a:
1-M: Tr-m = 10: 15: 15; marginal cell sparsely setose.

Legs. Hind coxa densely setose latero-ventrally, rugose-punctate dorsally,
without striation apically (Fig. 101); length of femur, tibia, and basitarsus of hind
leg 9.8, 17.7, and 8.0x their maximum widths, respectively; left hind trochantel-
lus with four teeth in one row; length of hind inner and outer tibial spurs 0.4x
and 0.3x hind basitarsus, respectively; length of hind basitarsus 0.3x hind tibia
and 1.1x second—fifth tarsal segments combined.

Metasoma. Length of metasoma 1.3x head and mesosoma combined;
laterope large, fused into a groove posteriorly (Fig. 10G); first tergite evenly
widened apically, with medio-basal depression (Fig. 10K); length of first terg-
ite 4.1x its apical width (Fig. 10K); first metasomal tergite parallel-sided, with
curved striation medially; second tergite 1.1x third tergite medially (Fig. 10K);
second tergite weakly constricted medially, with convergent striae on basal 2/3
of tergite, with parallel striation apically; third tergite mostly coriaceous, with
superficial micro-striae basally; remaining metasomal tergites coriaceous, with
dense setae.

Colour. Scapus largely whitish yellow, pale brown dorso-apically; flagellum
dark brown, with 9t"—18™" middle flagellomeres ivory; palpi cream-white; fore
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Figure 9. Habitus of Aulacocentrum intermedium Long & van Achterberg, sp. nov., holotype, female, lateral, “Macr.174”
(IEBR).

leg yellow except coxa, trochanter and trochantellus whitish yellow; middle leg
yellow, except basitarsus and second brown; hind coxa reddish yellow, hind tro-
chanter and trochantellus yellow, hind femur blackish brown to black, reddish
yellow at extreme base; apical 1/2 of hind tibia blackish brown, pale yellow
basally; hind tibial spurs and tarsus cream-white; pronotum yellow; mesonotum
black; metapleuron yellow; propodeum black medio-posteriorly, yellow basal-
ly and ventrally; tegula whitish yellow; wing veins brown; parastigma yellow;
pterostigma dark brown, yellow basally and apically; wing membrane hyaline;
basal 2/3 of first metasomal tergite pale yellow, apical 1/3 black; second tergite
entirely black; basal 2/3 of third tergite whitish yellow, black apically; the re-
mainder blackish brown to black; hypopygium brown; ovipositor sheath brown;
ovipositor yellow.

Male. Unknown.

Biology. Unknown.

Etymology. From inter in Latin meaning “between”, because this new species
is intermediate between A. imparum sp. nov. and A. philippinense.

Distribution. NE Vietnam (Cao Bang) (Fig. 16).

Notes. This new species is similar to A. philippinense (Ashmead) but can be
separated from the latter by the following characters: 1) first metasomal tergite
with basal depression (vs flat in A. philippinense); 2) second metasomal tergite
weakly constricted medio-laterally (vs distinctly constricted medio-laterally in
A. philippinense); 3) stemmaticum coriaceous (vs stemmaticum rugulose in
A. philippinense); and 4) hind coxa rugose-punctate dorsally with oblique stri-
ation dorso-laterally (vs nearly smooth with transverse striation dorso-apically
in A. philippinense).
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Figure 10. Aulacocentrum intermedium Long & van Achterberg, sp. nov., holotype, female, “Macr.174" (IEBR) A head,
dorsal B head, frontal C propodeum, lateral D mesonotum E mesopleuron F propodeum, dorsal G first metasomal tergite,
lateral, arrow indicates laterope H fore wing I hind coxa, dorsal J hind wing (part) K first-third metasomal tergites, dorsal,
arrow indicates medio-basal depression.
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Aulacocentrum simulatum Long, sp. nov.
https://zoobank.org/EE45A15F-983B-4EA8-A99B-5B8D9B2C2AA2
Figs 11,12, 16

Material. Holotype, 2, “Macr.011” (IEBR), NC Vietnam: Thua Thien-Hue, A Luoi,
A Roang forest, 16°06'36.0"N, 107°24'30.7"E, 700 m, light trap, 7.vi.2006, HV Tru.

Description. Holotype, female, body length 10.3 mm, fore wing length 7.7
mm, antenna 15.0 mm, ovipositor 8.3 mm (Fig. 11).

Head. Antenna incomplete, with 44 flagellomeres remaining, with 13 mid-
dle flagellomeres ivory; first flagellomere 1.3x second one; length of first and
second flagellomeres 6.7 and 5.0x their widths, respectively; length of subapi-
cal antennomere 2.7x its width; in frontal view, width of face 0.9x its length
(Fig. 12B); length of maxillary palp 1.5x height of head; face plough, with rather
dense punctures; malar space 0.8x as long as basal width of mandible; cly-
peus with fine sparse punctures (Fig. 12B); distance between tentorial pits 2.0x
distance from pit to eye margin; in lateral view, eye 5.3x temple; in dorsal view,
head transverse, 2.3x as wide as long dorsally (Fig. 12A); eye 7.0x as long as
temple; ocelli large, OOL: OD: POL = 4: 8: 8 (Fig. 12A); frons smooth, with medi-
an groove; stemmaticum rugose-punctate; vertex and temple punctate.

Mesosoma. Length of mesosoma 1.4x its height (Fig. 12E); pronotal trough
largely crenulate medially, punctate ventrally, smooth medio-dorsally; prop-

Figure 11. Habitus of Aulacocentrum simulatum Long, sp. nov., holotype, female, dorsal, “Macr.011” (IEBR).
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Figure 12. Aulacocentrum simulatum Long, sp. nov., holotype, female, “Macr.011” (IEBR) A head, dorsal B head, frontal
C propodeum, dorsal D mesonotum E mesopleuron F fore wing G hind wing H hind trochanter, trochantellus and femur
| metasoma.
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leuron rugose-punctate (Fig. 12E); middle lobe of mesoscutum mostly ru-
gose-punctate; lateral lobes densely punctate; notauli sparsely punctate ante-
riorly, converging posteriorly in a V-shaped depression, transverse rugose area
separated by median carina-like rugosity (Fig. 12D); scutellar sulcus deep, with
six carinae, 0.5x as long as scutellum; scutellum densely punctate; mesopleu-
ron and metapleuron largely rugose; propodeum rugose-punctate basally and
ventrally; coarsely rugulose medio-posteriorly (Fig. 12C).

Wings. Length of fore wing 3.2x its maximum width (Fig. 12F); pterostigma
rather broad, length of pterostigma 3.5x as long as width medially; fore wing
vein SR1 2.5x as long as vein 3-SR; r: 3-SR: SR1 = 10: 25: 63; vein cu-a vertical,
cu-a: 1-CU1: 2-CU1 = 10: 3: 46 (Fig. 12F); vein r-m oblique; 2-SR: 3-SR: r-m =
17: 25: 9; second submarginal cell of fore wing narrowed apically; hind wing
with vein 2-SC+R horizontal (= longitudinal) (Fig. 12G); vein SC+R1 distinctly
bent (Fig. 12G); cu-a: 1-M: 1r-m = 25: 22: 15; marginal cell of hind wing weak-
ly widened basally, slightly narrowed medially, nearly parallel-sided posteriorly
(Fig. 12G).

Legs. Length of femur, tibia, and basitarsus of hind leg 8.3, 14.3, and 7.7x
their maximum widths, respectively; left hind trochantellus with seven teeth in
two rows apically (Fig. 12H); length of hind inner and outer tibial spurs 0.3 and
0.2x hind basitarsus, respectively; length of hind basitarsus 0.4x hind tibia and
1.2x second—fifth tarsal segments combined.

Metasoma. Length of metasoma 1.3x head and mesosoma combined; first
tergite deeply concave medio-basally (Fig. 12I), length of first tergite 3.1x its
apical width; median length of second tergite 1.1x third tergite; first metaso-
mal tergite with transverse striation on most of tergite, irregular striation at
apex (Fig. 121); second tergite with convergent striation on basal 2/3 of tergite,
parallel striation on apical 1/3 of tergite; third tergite with fine parallel stria-
tion on basal 4/5 of tergite, apical 1/5 of tergite smooth and sparsely setose;
remaining metasomal tergites smooth with sparse setae; length of ovipositor
1.1x fore wing.

Colour. Head blackish brown; scapus nearly pale yellow entirely, except outer
side brownish yellow; flagellum brown basally and apically, 8"-19" middle
flagellomeres ivory; palpi yellow; mesonotum dark brown to black; metapleuron,
propodeum basally yellow, dark brown apically; fore and middle legs yellow;
hind leg yellow, except hind femur apically, hind tibia apically brown; tegula
yellow; wing veins brown; wing membrane yellow, parastigma and pterostigma
basally yellow; ovipositor sheath brown; ovipositor yellow.

Male. Unknown.

Biology. Unknown.

Etymology. From simulo (Latin for “imitate, copy”), because this new species
is similar to A. glabrum sp. nov.

Distribution. NC Vietnam (Thua Thien-Hue province) (Fig. 16).

Notes. The new species is closely related to A. glabrum sp. nov., but differs
from the latter by the following characters: 1) hind wing vein cu-a distinctly
longer vein 1-M (25: 22) (vein cu-a as long as 1-M in A. glabrum); 2) left hind
trochantellus with six teeth (four teeth in A. glabrum); 3) marginal cell of hind
wing sparsely setose (largely glabrous in A. glabrum); and 4) first metasomal
tergite transversely striate (partly obliquely striate in A. glabrum).
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Newly recorded species

Aulacocentrum seticella van Achterberg & He, 1994
Figs 13,16

Aulacocentrum seticella van Achterberg & He, 1994: 160, figs 2-23, 40.

Material examined. ¢, “Bracn.056" (IEBR), NE Vietnam: Tuyen Quang, Na Hang,
Thanh Tuong, forest, 22°19'01.0"N, 105°24'02"E, 162 m, MT, 15.x.2016, KD Long.

Diagnostic characters. Based on specimen collected in Vietnam, female,
body length 7.5 mm; antenna with 50 antennomeres, with nine middle flag-
ellomeres ivory; fore wing 6.0 mm; ovipositor 7.9 mm (Fig. 13A); length of
maxillary palp 1.6x height of head; ratio of length of fore wing veins r: 3-SR:
SR1 =10: 23: 41, and 2-SR: 3-SR: r-m = 13: 23: 6; notauli converging posterior-
ly in distinct V-shaped depression (Fig. 13B); mesopleuron widely depressed
medio-posteriorly (Fig. 13C); hind wing with vein 2-SC+R vertical; vein 1-M
curved basally; vein SR mostly touching anterior margin of the wing (Fig. 13D);
metasoma 1.5x as long as head and mesosoma combined; first metasomal
tergite nearly parallel-sided; length of first tergite 5.2x its apical width; second
tergite distinctly constricted medially, with convergent striation; more than
basal 1/2 of third tergite finely, longitudinally striate; the remainder coria-
ceous, densely setose; ovipositor 1.7x metasoma in lateral view, and 1.3x as
long as fore wing.

Male. Unknown.

Biology. Unknown.

Distribution. Eastern Palaearctic: Japan; Korea; Oriental: China (Guangxi,
Guizhou); India, Indonesia (Java, Sumatra), Malaysia (Sabah), Singapore, NE
Vietnam (Tuyen Quang province: Na Hang NP) (Fig. 16).

Previously recorded species

Aulacocentrum philippinense (Ashmead, 1904)
Figs 14-16

Macrocentrus philippinensis Ashmead, 1904: 145.

Material examined. 12, “Macr.088" (IEBR), S Vietnam: Dong Nai, Vinh Cuu, Phu
Ly, TWC, forest, 11°22.612'N, 107°03.594'E, 82 m, light trap, 7.vi.2020, PT Nhi;
292,“Macr.112”, “Macr.113" (IEBR), NE Vietnam: Ha Giang, Bac Me, Minh Ngoc,
forest, 22°43'47.2”N, 105°12'21.3"E; 207 m, light trap, 21.vii.2019, DT Hoa;
19, “Macr.168” (IEBR), NW Vietnam: Son La, Thuan Chau, Chieng Bom, forest,
21°21'11"N, 103°36'24"E, 1100 m, light trap, 01.v.2016, HV Tru; 1%, “Macr.169”
(IEBR), NE Vietnam: Tuyen Quang, Na Hang, Trung Phin, forest, 22°30'13.68"N,
105°23'23.82"E, light trap, 18.ix.2017, HTHCT; 19, “Macr.175” (IEBR), NE Viet-
nam: Ha Giang, Dong Van, Pho Bang, light trap, 12.vi—-17.vi.2023, Dinh Dieu
Thuy; 13, “Macr.126” (IEBR), S Vietnam: Dong Nai, Vinh Cuu, Phu Ly, Suoi Rong,
forest, 11°29'10.3"N, 107°09'58.8"E, 285 m, light trap, 12.vii.2020, PV Phu.

Description. Male, “Macr.126” (IEBR), body length 8.4 mm, fore wing length
5.9 mm (Fig. 14).
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Figure 13. Aulacocentrum seticella van Achterberg & He, 1994, “Macr.056” (IEBR) A habitus, female, lateral B mesonotum
C mesopleuron D hind wing.

Head. Antenna incomplete, with 31 flagellomeres remaining; first flagel-
lomere 1.4x second one; length of first and second flagellomeres 6.8 and 5.0x
their widths, respectively; in frontal view, width of face 0.9x its length (Fig. 15B);
length of maxillary palp 1.7x height of head; face densely punctate medially,
sparsely punctate laterally; malar space as long as basal width of mandible;
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2.0 mm

Figure 14. Habitus of Aulacocentrum philippinense (Ashmead), male, dorsal, “Macr.126” (IEBR).

clypeus straight ventrally, sparsely, finely punctate; distance between tentorial
pits 1.5x distance from pit to eye margin; in dorsal view, width of head 2.4x
median length (Fig. 15A); eye 8.3x as long as temple; ocelli medium-sided, OOL:
OD: POL = 8: 8: 10 (Fig. 15A); frons, vertex, and temple shiny, smooth; stemmat-
icum rugose-punctate.

Mesosoma. Length of mesosoma 1.3x its height (Fig. 15E); pronotal trough
largely crenulate medially, mostly smooth ventrally and dorsally; propleuron
densely punctate (Fig. 15E); middle lobe of mesoscutum rugulose dorsally;
punctate ventrally; notauli sparsely crenulate anteriorly, narrowly fused posteri-
orly with median rugosity (Fig. 15D); scutellar sulcus 2.6x scutellum; scutellum
densely punctate; mesopleuron and metapleuron largely rugose-punctate (Fig.
15E); propodeum mostly transversely rugulose (Fig. 15F).

Wings. Length of fore wing 3.3x its maximum width (Fig. 15I); length of
pterostigma 3.6x its width; fore wing vein SR1 2.1x as long as vein 3-SR; r: 3-SR:
SR1 =10: 25: 53; cu-a inclivous (Fig. 15I), cu-a: 1-CU1: 2-CU1 = 11: 5: 47; 2-SR:
3-SR: r-m = 16: 25: 8; second submarginal cell of fore wing narrowed distally;
hind wing with vein 2-SC+R horizontal (= longitudinal); vein 1-M weakly curved
basally (Fig. 15J); cu-a: 1-M: 1r-m = 15: 10: 10; marginal cell sparsely setose.

Legs. Hind coxa elongate, densely setose latero-ventrally, but without setae
dorso-apically; length of femur, tibia, and basitarsus of hind leg 8.2, 14.4, and
8.7x their maximum widths, respectively; left hind trochantellus with four teeth
in one row (Fig. 15G); length of hind inner and outer tibial spurs 0.6x and 0.3x
hind basitarsus, respectively; length of hind basitarsus 0.4x hind tibia and 1.1x
second—fifth tarsal segments combined.

Metasoma. Length of metasoma 1.4x head and mesosoma combined; first
tergite nearly flat medio-basally (Fig. 15H); length of first tergite 3.8x its apical
width; second tergite 1.1x third tergite medially (Fig. 15H); first metasomal terg-
ite mostly transversely striate; second tergite with convergent striae on basal
2/3 of the tergite, parallel striation on 1/3 apical of tergite; third tergite finely
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Figure 15. Aulacocentrum philippinense (Ashmead), male, “Macr.126" (IEBR) A head, dorsal B head, frontal C head, lat-

eral D mesonotum E mesopleuron F propodeum, dorsal G hind coxa H first-third metasomal tergites, dorsal | fore wing
J hind wing.

striate on 2/3 basal of tergite; remaining metasomal tergites coriaceous, with
long setae.

Colour. Pale-yellow; scapus largely whitish yellow, brown dorsally and outer
side laterally; flagellum brown, with 11*"-19% middle flagellomeres cream-white;
palpi cream-white; fore leg pale yellow except coxa, trochanter and trochantel-
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Figure 16. Distribution map of Aulacocentrum species.

lus cream-white; middle leg yellow, except coxa basally, trochanter and trochan-
tellus paler; hind coxa yellow, hind trochanter and trochantellus dirty yellow,
hind femur entirely, apical 2/3 of hind tibia blackish brown; 1/3 of hind tibia and
tarsus cream-white to whitish yellow; pronotum brown, whitish yellow dorsally;
mesonotum blackish brown to black; propodeum black, pale yellow basally and
ventrally; metapleuron whitish yellow; wing veins brown; tegula whitish yellow;
wing membrane hyaline; basal 1/3 of first metasomal tergite pale yellow, apical
2/3, and second tergite entirely black; third tergite whitish yellow basally, black-
ish brown apically; remainder black; ovipositor sheath brown; ovipositor yellow.

Distribution. NE Vietnam (Ha Giang, Tuyen Quang); NW Vietnam (Son La); S
Vietnam (Dong Nai) (Fig. 16).
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Abstract

Due to the detrimental effect of formaldehyde on DNA, ethanol has replaced formalin as
the primary preservative for animal specimens. However, short-term formalin fixation of
specimens might be applied during field collection. In an increasing number of studies,
DNA extraction and sequencing have been successfully conducted from formalin-fixed
specimens. Here the DNA from five specimens of Triplophysa dalaica (Kessler, 1876)
were extracted and performed high-throughput sequencing. Four of the specimens un-
derwent short-term fixation with formalin and were subsequently transferred to ethanol.
One was continuously stored in ethanol. No significant difference of DNA quality and
amount were observed among these samples. Followed by assembly and annotation,
five mitochondrial genomes ranging in length from 16,569 to 16,572 bp were obtained.
Additionally, previously published data of other individuals or species were included to
perform phylogenetic analyses. In the reconstructed trees, all eight individuals of T. da-
laica form a monophyletic group within the Triplophysa branch. The group is divided
into three clades: (1) samples from the Yellow River, (2) those from the Yangtze River,
and (3) those from the Haihe River, and the Lake Dali Nur. This study sheds initial light
on the phylogeographic relationships among different populations of T. dalaica, and will
support the research about its evolutionary history in the future.

Key words: High-throughput sequencing, mitogenome assembly, phylogeny, stone loach

Introduction

Biological specimens preserved in museums represent a reservoir of valuable
data. They provide information required in various fields such as taxonomy,
geographic distribution, population dynamics, and climate change (Suarez
and Tsutsui 2004; Wen et al. 2015). With the progression of historic DNA
(hDNA) extraction and sequencing, genetic material contained in specimens
of varying ages, taxa, and preservation methods have been more adequately
explored (Hartley et al. 2006; Hartnup et al. 2011; Tin et al. 2014; Blaimer et al.
2016; Hawkins et al. 2016; Kehlmaier et al. 2019; Lalonde and Marcus 2020;
Cong et al. 2021).
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Formalin, an aqueous solution of formaldehyde, has been widely used as
a preservative for specimens of invertebrates, fish, amphibians, and reptiles.
However, it is a formidable challenge to extract hDNA from formalin-fixed spec-
imens due to formalin’s propensity to induce three forms of DNA damage in
specimens: (1) fragmentation, (2) cross-linking between DNA and protein mol-
ecules, and (3) modification of DNA bases (Quach et al. 2004; Campos and
Gilbert 2012; Do and Dobrovic 2012; Wong et al. 2014). In recent studies, hDNA
in formalin-fixed specimens have been successfully sequenced (e.g. Hykin et
al. 2015; Ruane and Austin 2017; Silva et al. 2017; Kehlmaier et al. 2020; Ap-
pleyard et al. 2021; Straube et al. 2021; Agne et al. 2022; Bernstein and Ruane
2022; O’Connell et al. 2022). Most of the modified extraction protocols focus
on removal of residual formaldehyde and digestion. The approaches include re-
placing formaldehyde with ethanol at varying concentrations, pre-treating with
high temperature, adding extra proteinase K, and extending digestion time.

Owing to the deleterious impact on genetic material and the inherent toxicity
of formaldehyde, ethanol has been used as a preferred preservative instead of
formalin. An increasing number of museums have transferred historical spec-
imens preserved in formalin to ethanol. Moreover, due to limitations during
fieldwork, specimens may undergo a temporary fixation in formalin and later
transferred to ethanol for preservation. This study attempts to process these
formalin-to-ethanol samples and conduct high-throughput sequencing (HTS).

Triplophysa is one of the most diverse genera within the family Nemacheili-
dae, with over 140 documented species in FishBase (Froese and Pauly 2023).
In China, species of Triplophysa are predominantly distributed across the Qing-
hai-Tibet Plateau and adjacent regions, with a few occurrences in North China
(Zhu 1989). Due to their widespread distribution, species of Triplophysa exhibit
adaptability to diverse habitats, including cold environments, hypoxia, and sa-
line waters. In recent years, multiple aspects including the phylogenetic rela-
tionships among Triplophysa species (Wang et al. 2016, 2023; Chen et al. 2019;
Wu et al. 2020), phylogeography (Hu et al. 2020, 2022; Zhong et al. 2022; Du
et al. 2023), patterns of population differentiation (Zhou et al. 2021b; Jin et
al. 2022), and the adaptations to various habitats (Chen et al. 2020b, 20204;
Zhang et al. 2023) have been studied.

Within the genus, Triplophysa dalaica (Kessler, 1876) is an endemic species
in China. It was initially described and collected from the Lake Dali Nur, which
is an alkaline lake located in Inner Mongolia, China (43.38°N, 116.72°43'E). In
addition to the Lake Dali Nur and its surrounding lakes and rivers, T. dalaica is
also distributed in fresh water such as the Yellow River (Zhu 1989; Zhou et al.
2021a), the Haihe River (Zhu 1989; Wang et al. 2001; Zhou et al. 2020), and
the Yangtze River (Chen et al. 1987). Recently, a chromosome-level reference
genome of the T. dalaica was assembled using a sample from the Lake Dali
Nur (Zhou et al. 2021a). Other research has primarily focused on its adaptation
in response to factors such as hypoxia and salinity fluctuations (Wang et al.
2015; Zhou et al. 2022). Moreover, several analyses related to the phylogeny
of loaches within the family Nemacheilidae or the genus Trioplophysa have in-
cluded this species (Wang et al. 2016, 2023; Chen et al. 2019; Wu et al. 2020).
Nevertheless, the genetic relationships among populations from different wa-
ter systems remain unknown.
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Current study involves five mitogenomes obtained through HTS from T. dala-
ica specimens, and three T. dalaica mitogenomes published or assembled from
released HTS data, along with 16 published mitogenomes of other species as
outgroups. The analyses aim to confirm the taxonomic status of T. dalaica, and
reconstruct the phylogenetic relationship of populations residing different geo-
graphic origins.

Materials and methods
Sample selection and DNA extraction

In this study, five specimens of Triplophysa dalaica were selected from the Na-
tional Animal Collection Resource Center, representing individuals originating
from three distinct rivers (Fig. 1; Table 1). Among these, four individuals collect-
ed in 2013 underwent formalin fixation for approximately 30 days, while one
individual collected in 2019 has been continuously preserved in ethanol with
a concentration exceeding 90%. These specimens were chosen to investigate
the effects of short-term formalin fixation on the quality and suitability of the
preserved material for molecular experiments.

To minimize the potential contamination, the entire DNA extraction process
was conducted in a laboratory that had not previously been exposed to fish
samples. Fin clips, approximately 5 mm in length from the tip of the right pecto-
ral fin, were utilized. For formalin-fixed samples, a modified version of the pro-
tocol outlined by a previous study (Xia et al. 2007) was employed to pre-treat
the samples for the removal of any residual formalin. Following the pre-treat-
ment steps, the DNA was extracted using the DNeasy Blood & Tissue Kit (Qia-
gen, Shanghai, China) and the MinElute PCR Purification Kit (Qiagen, Shanghai,
China) to maximize the recovery of fragmented DNA fragments. The protocols
for DNA extraction have been uploaded to protocols.io (https://www.protocols.
io/private/FE16637289CE11EE83B20A58A9FEACO2). The concentration and
fragmentation of DNA were assessed by agarose gel electrophoresis or the
Agilent 5400 system (Agilent, Palo Alto, USA).

High-throughput sequencing data acquisition

High-throughput sequencing (HTS) was conducted on a lllumina platform with
PE150 strategy at Berry Genomics (Beijing, China) and Novogene Bioinformat-
ics Technology Co., Ltd (Beijing, China). In addition to the five individuals se-
quenced for this study, HTS data for two T. dalaica individuals from the Lake
Dali Nur and the Haihe River (Fig. 1; Table 1) were obtained from Sequence
Read Archive (SRA) on the National Center for Biotechnology Information
(NCBI) database using the SRA toolkit v 3.0.5 (https://github.com/ncbi/sra-
tools/). Approximately 40 million reads were extracted from each individual for
subsequent assembly of mitochondrial genomes.

The reads were subjected to quality control using fastp v. 0.23.4 (Chen et al.
2018; Chen 2023). This process involved the removal of reads with an overall
quality score lower than 20, elimination of redundant duplicate reads, and trim-
ming of adapter fragments from both ends.
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Figure 1. Geographic distribution of the eight Triplophysa dalaica samples. Circles: samples sequenced in this research.
Triangle: sample with mitochondrial genome available in NCBI. Squares: samples for which mitochondrial genome as-
sembled using released HTS data from NCBI.

Table 1. Information of the eight Triplophysa dalaica samples.

ID
YeR1
YeR2
YaR1
YaR2
HaR3
HaR1
HaR2
LDN1

Location
34.66°N, 107.04°E
34.94°N, 106.72°E
33.85°N, 107.46°E
33.85°N, 107.46°E
40.32°N, 113.30°E

Hebei Province
35.91°N, 113.86°E
43.38°N, 116.66°E

Water System
Yellow River
Yellow River

Yangtze River

Yangtze River
Haihe River
Haihe River
Haihe River

Lake Dali Nur

Data Acc. No. Source
OR857523 This study
OR857524 This study
OR857525 This study
OR857526 This study
OR857527 This study
KY945353 Submitted by Feng et al.

SRX8097844 Zhou et al. 2021a

SRX8097848 Zhou et al. 2021a

Mitogenome assembly and annotation

The reads were mapped to the reference mitogenome of T. dalaica in NCBI
(accession number KY945353) using Geneious v. 9.1.8 (Biomatters Ltd, Auck-
land, New Zealand) with 10 iterations in medium-low sensitivity. To eliminate
nuclear mitochondrial DNA segments (NUMTs), the mapped reads were sub-
jected to de novo assembly using Geneious assembler. This approach yielded
a contig approximately 16 kb in length. Subsequently, a manual inspection and
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sequence concatenation process was performed at both ends of the contig,
resulting in the circular mitochondrial genome.

Following the assembly, the mitogenome was annotated on GeSeq (Tillich
et al. 2017) using mitochondrial genomes of Triplophysa species available on
NCBI as reference sequences. The annotation results also underwent rigorous
manual verification.

Phylogenetic reconstruction

In addition to the five mitogenomes obtained in our study and the two assem-
bled from published HTS data, an additional mitogenome of T. dalaica from the
Haihe River (Fig. 1; Table 1, Suppl. material 1: tables S2, S3) was downloaded
from NCBI. Published mitogenomes from another 13 species of Triplophysa,
two species of Cobitidae, and one species of Gastromyzontidae were also in-
cluded as outgroups in the phylogenetic analysis (Suppl. material 1: table S3).

The sequences for 13 protein-coding genes (PCGs) without stop codon from
the mitogenomes were extracted and aligned based on their translated amino
acid sequences with Geneious v. 9.1.8. These alignments were concatenated
and indels were preserved, resulting in a total alignment length of 11,427 bp.
Subsequently, the optimal partitioning scheme and substitution model for dif-
ferent genes and codon positions were determined by PartitionFinder 2 (Lan-
fear etal. 2012). Based on 13 PCGs and the positions of three codons, the align-
ment was partitioned into 39 segments. A “greedy” algorithm was employed to
determine the best-fitting partition scheme, estimated by the Bayesian informa-
tion criterion (BIC). At the same time, the optimal nucleotide substitution model
for each partition was determined.

The phylogenetic analysis was performed using both maximum-likelihood
(ML) and Bayesian-inference (BI) methods based on the best-fitting partition
strategy. For the ML analysis, 1,000 fast bootstrap replicates were conducted
with the GTR+I+G substitution model to assess the support values using RAx-
ML v. 8.2.12 (Stamatakis 2014). The Bl analysis was conducted using MrBayes
v. 3.2.6 (Ronquist et al. 2012). For each partition, the best-fitting model esti-
mated by PartitionFinder 2 was applied. The analysis was performed with four
independent runs, each comprising 50 million generations, and the tree was
sampled every 1,000 generations. Then the average standard deviation of split
frequency and Tracer v. 1.7.2 software was used to assess the convergence of
the Bl analysis. After discarding the first 12,500 trees as conservative burn-in,
the final consensus tree was obtained, and branch-support values were evaluat-
ed using Bayesian posterior probabilities (BPP) under a majority-rule criterion.

Divergence time estimation for the three T. dalaica clades

With the alignments of the 13 PCGs, the divergence time for three main clades
of T. dalaica was estimated by a Markov chain Monte Carlo (MCMC) approach
using BEAST v. 2.7.6 (Bouckaert et al. 2019). The Yule model was set as tree
prior and the random local clock model was used. The nucleotide substitution
model was set as suggested by PartitionFinder 2.

Because there is no solid fossil record of Triplophysa, a fossil of the genus
Cobitis was used as time calibration for the tree (Suppl. material 1: fig. S1). The
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fossil was estimated to be 13.8—15.9 Ma (Zhou 1992). Three parallel runs were
conducted with 100 million generations and the trees were logged every 1,000
generations. The convergence of the parameters was assessed by Tracer v.
1.7.2 (Rambaut et al. 2018) with ESS value. The maximum clade credibility tree
was obtained by TreeAnnotator v. 2.7.6 (Bouckaert et al. 2019).

Results

DNA was successfully extracted from the specimens of five Triplophysa dalai-
ca. Agarose gel electrophoresis and fragment analysis by Agilent 5400 revealed
varying degrees of degradation in the DNA from all these samples, with most
fragments shorter than 4 kb. When utilizing nearly equal amounts of fin tissue
samples, the DNA concentrations obtained from all five samples fell within the
range of 10—30 ng/pL (Suppl. material 1: table S1).

High-throughput sequencing of the five samples yielded an average of approx-
imately 5 Gb of data per sample (Suppl. material 1: table S2). Following quali-
ty control and de novo assembly, the lengths of mitochondrial genomes ranged
from 16,569 to 16,572 bp, and the depth coverage spanning from 16.8-fold to
275.9-fold. Additionally, from published SRA files from two T. dalaica individuals
collected in the Lake Dali Nur and Haihe River, 36—40 million reads were selected
for each individual. After quality control and de novo assembly, these reads result-
ed in two mitochondrial genomes of 16,569 bp in length, with depths of 821.9-fold
and 347.8-fold, respectively. Furthermore, a mitogenome for a T. dalaica sample
from the Haihe River was downloaded from NCBI, which length is 16,569 bp.

The above eight mitochondrial genomes displayed an average base compo-
sition of A: 28.13%, T: 28.14%, G: 18.04%, C: 25.63%, and the GC content was
43.67%. These compositions exhibited no significant differences among each
other (Chi-squared test, df = 6, p = 0.634). Following de novo assembly, sev-
en mitochondrial genomes were annotated with GeSeq. These mitochondrial
genomes included 22 transfer RNA (tRNA) genes, two ribosomal RNA (rRNA)
genes, 13 protein-coding genes (PCGs), and one non-coding control region. The
13 PCGs in these eight T. dalaica mitochondrial genomes spanned 11,421 bp
(including stop codons), encoding a total of 3,800 amino acids. Among these,
1,754 nucleotide and 149 amino acid variable sites were observed. All nucleo-
tide mutations were found to be substitutions, and no insertions or deletions
were detected (Suppl. material 1: table S4).

The coding sequences (CDS) without stop codon of the 13 mitochondrial
PCGs from these eight T. dalaica individuals, along with 13 other Triplophysa
species, two Cobitidae species, and one Gastromyzontidae species, yielded a
total alignment with length of 11,427 bp. This alignment was divided into 39
user-defined partitions based on the three different codon positions of the 13
PCGs. The best scheme consisted of four partitions with its own best-fitting
substitution model according to PartitionFinder 2 (Suppl. material 1: table S5).

Subsequently, employing the best-fitting partitioning scheme, phylogenetic
trees for all 24 taxa were reconstructed using both RaXML (with a unified GTR + 1
+ G model) and MrBayes (with individual partition-specific best-fitting substitution
models). The resulting majority rule consensus trees (Fig. 2) exhibited nearly iden-
tical topology. In the trees, all T. dalaica individuals clustered together in a well-sup-
ported clade, sharing the same branch with other Triplophysa species (Fig. 2A).
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Figure 2. A The majority rule consensus tree constructed using MrBayes based on the
CDS of 13 mitochondrial PCGs (excluding stop codons) of eight Triplophysa dalaica
individuals and outgroup species, totaling 11,427 bp. The topology of the tree closely
resembles that constructed by RAXML. Posterior probabilities (from MrBayes) and boot-
strap values (from RAXML) for branches are depicted as two different colored rectan-
gles, one above the other B details of the clade containing the eight T. dalaica individuals
in the phylogenetic tree. Numerical values on branches represent posterior probabilities
and bootstrap values, respectively. The dashes represent values less than 50. The red
dots indicate divergence time estimated by MCMC approach with 95% HPD.

Within the branch of T. dalaica (Fig. 2B), three distinct lineages were ob-
served: (1) individuals from the Yangtze River (YaR1 and YaR2); (Il) samples
from the Yellow River (YeR1 and YeR2); and (lll) individuals from the Lake Dali
Nur (LDN1) and the Haihe River (HaR1, HaR2, and HaR3). Furthermore, individ-
uals from the Yangtze River and the Yellow River are reciprocally sister groups.
Within clade Ill, the individuals from disconnected water systems did not exhib-
it significant genetic differentiation.

The divergence time between the T. dalaica and its sister clade containing
T dorsalis and T. stoliczkai was estimated at 11.35 Ma (95% HPD: 8.75-14.6 Ma;
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Suppl. material 1: fig. S1), which is close to the time estimated by previous
studies (Wang et al. 2016; Wu et al. 2020). Within T. dalaica, the divergence time
between clade | and MRCA of clades Il and Ill was estimated at approximately
10.36 Ma (95% HPD: 7.95-13.35 Ma), and the clades Il and Ill diverged at about
7.18 Ma (95% HPD: 5.44-9.25 Ma).

Discussion

In this study, DNA was extracted from four samples that underwent short-term
formalin fixation and one sample continuously preserved in ethanol. Notably,
there were no significant differences in DNA concentration or fragmentation
among these samples, and mitogenomic sequences were successfully assem-
bled. It suggests that short-term formalin fixation (for around 30 days) may not
significantly contribute to DNA degradation. Therefore, when ethanol is unavail-
able due to acquisition or transportation in the field, short-term formalin fixation
may be considered an acceptable approach. However, prolonged immersion in
formalin would lead to irreversible DNA damage. (Quach et al. 2004; Campos
and Gilbert 2012; Do and Dobrovic 2012; Wong et al. 2014). It is advisable to
promptly transfer samples into preservation solutions like ethanol following the
completion of sampling, to mitigate any potential long-term DNA degradation.

The Triplophysa dalaica has been reported to inhabit the Lake Dali Nur, sur-
rounding rivers and lakes of Inner Mongolia, as well as the Yellow River, the
Haihe River, and the Yangtze River. The geographic sources of the samples an-
alyzed in this study encompass all four of mentioned regions. All T. dalaica
individuals form a monophyletic branch. This suggests that these eight indi-
viduals are the same taxon which belongs to the genus Triplophysa. Within the
clade, the individuals from the Yangtze River (YaR1 and YaR2) and the Yellow
River (YeR1 and YeR2) form two well-supported clusters, signifying the genetic
distinctiveness of these two populations. They exhibit a sister relationship, sug-
gesting their most common ancestor diverged from the clade Ill. Additionally,
the sampling sites of the Yangtze and the Yellow Rivers are geographically ad-
jacent, with a straight-line distance of approximately 100 km on the map. Their
closer spatial distance correlates their genetic distance.

Clade Il includes individuals from the Haihe River (HaR1, HaR2, and HaR3), and
the Lake Dali Nur (LDN1), indicating close relationships among these individuals.
The divergence-time estimation with mitochondrial PCGs also suggested they dif-
ferentiated recently. However, a prior study conducted demographic history analy-
sis using whole-genome resequencing data with the software PSMC for these two
individuals, and the change of effective population size implied that populations
from the Lake Dali Nur and the Haihe River might diverge approximately 1 million
years ago (Zhou et al. 2021a). The inconsistency might be caused by mitochondri-
al introgression or another process. To address the evolutionary history of these
two populations, more individuals from Lake Dali Nur and the Haihe River should
be collected, and a broader set of nuclear genomic loci should be employed.

In the divergence-time analysis, these three clades were estimated to di-
verged 7-10 Ma. The divergence is relatively deep compared to the intraspe-
cies differentiation in other Triplophysa species (Hu et al. 2020, 2022; Wu et al.
2020; Du et al. 2023), suggesting they might be divided into several potential
subspecies, or even species, which need extra analyses including morphology
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and phylogeny with more samples. These results offer insights into the evolu-
tionary history of T. dalaica, as well as the correlation between the change of
population and historical climate and geological events.
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Abstract

The recent surge in the discovery of hidden diversity within rheophilic taxa, particularly
in West and East Africa, prompted a closer examination of the extent to which the cur-
rent taxonomy may obscure the diversity of riffle-dwelling suckermouth catfishes in the
genus Chiloglanis in southern Africa. Currently, the region comprises eight valid species
within this genus. Seven of them have relatively narrow geographic distribution ranges
except for C. neumanni, which is considered to be widely distributed, occurring from
the Buzi River system in the south, and its northern limit being the eastward draining
river systems in Tanzania. Recent surveys of the middle Zambezi River system revealed
Chiloglanis specimens that were distinguishable from the known species of the genus
from southern Africa. Integration of molecular and morphological data indicated that
these specimens from the Mukwadzi River represent a new species to science, herein
described as Chiloglanis carnatus Mutizwa, Braganga & Chakona, sp. nov. This species
is readily distinguished from its southern African congeners by the possession of a dis-
tinctive extended dermal tissue covering the base of the dorsal fin and the possession
of ten mandibular teeth (vs 8, 12, or 14 in the other taxa). Results from this study add
to the growing evidence of a high level of undocumented diversity within riffle-dwelling
taxa in southern Africa.

Key words: Diversity, freshwater, integrative taxonomy, rheophilic taxa, southern Africa

Introduction

Rheophilic habitats are characterised by fast flowing water and rocky substra-
tum, which provide a wide range of specialised niches for distinct aquatic taxa
adapted to these environments (Thompson 2013; Hrbek et al. 2018). Delimitation
of species boundaries in rheophilic taxa using only morphological traits has pre-
viously presented challenges due to their superficially similar morphology, which
is shaped by exposure to similar environmental drivers (Seegers 2008). However,
integrative taxonomy as well as recent collections in under-sampled areas within
the African continent have changed the previous perception that rheophilic hab-
itats were depauperate (Schmidt et al. 2015, 2016, 2017, 2023; Thomson et al.
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2015; Schmidt and Barrientos 2019; Kashindye et al. 2021; Mazungula and Cha-
kona 2021; Day et al. 2023). These studies, which implemented integrative tax-
onomic approaches, have allowed the discovery of hidden diversity, particularly
within the catfish genera Chiloglanis Peters, 1868 and Amphilius Glinther, 1864,
from different regions of the continent. An emerging pattern shows that spe-
cies that were previously perceived to have broad geographic ranges represent
species complexes comprising distinct lineages confined to specific river basins
(Chakona et al. 2018; Mutizwa et al. 2021). Recently, a careful examination of
the once broadly distributed catfish species, C. occidentalis Pellegrin, 1933 and
C. micropogon Poll, 1952 from West Africa and A. natalensis Boulenger, 1917
from southern Africa, resulted in the description of 15 new species (Schmidt et
al. 2017, 2023; Mazungula and Chakona 2021). Following these findings, rheoph-
ilic habitats have been identified as a new frontier for the discovery of hidden di-
versity of freshwater fishes in southern Africa and other poorly explored regions
on the continent (Morris et al. 2016; Schmidt et al. 2016; Chakona et al. 2018).
The Mochokidae is the most species-rich freshwater catfish family that is en-
demic to Africa (Vigliotta 2008). Currently, this family has 228 valid species that
are distributed across several river systems in sub-Saharan Africa, with the high-
est diversity occurring in the Congo River (Seegers 2008; Vigliotta 2008; Fricke et
al. 2024). The Mochokidae is sister to a clade containing families Auchenoglani-
didae, Claroteidae, Malapteruridae, and Schilbeidae (Sullivan et al. 2006; Schedel
et al. 2022). The genera within Mochokidae have been split into two subfamilies:
the first is Chiloglanidinae, characterised by lips and barbels that are modified
into an oral disc (suckermouth), a structure that is absent in the second subfam-
ily Mochokinae. Chiloglanidinae contains the genera Chiloglanis Peters, 1868,
Atopodontus Friel & Vigliotta, 2008, Atopochilus Sauvage, 1879, and Euchilichthys
Boulenger, 1900, whereas Mochokinae includes the genera Mochokus Joannis,
1835, Mochokiella Howes, 1980, Acanthocleithron Nichols & Griscom, 1917, Mi-
crosynodontis Boulenger, 1903, and Synodontis Cuvier, 1816. Some of the inter-
generic (e.g., the monophyly of Mochokinae) and the intrageneric (e.g., the mono-
phyly of Synodontis) relationships within Mochokidae are not well supported and
require broader species sampling to resolve (Sullivan et al. 2006; Vigliotta 2008;
Day et al. 2013; Pinton et al. 2013; Schedel et al. 2022). Currently, in southern Af-
rica Chiloglanis has eight recognised species: C. bifurcus Jubb & Le Roux, 1969,
C. emarginatus Jubb & Le Roux, 1969, C. anoterus Crass, 1960, C. paratus Crass,
1960, C. fasciatus Pellegrin, 1936, C. pretoriae Van der Horst, 1931, C. swierstrai
Van der Horst, 1931, and C. neumanni Boulenger, 1911. Except for C. neumanni, all
these species are narrow range endemics (Fig. 1). For example, C. bifurcus is con-
fined to a relatively small geographical range, occurring between 900 and 1200
metres above sea level in the Inkomati River system (Roux and Hoffman 2017a).
Uncertainties about the identity of the broadly distributed C. neumanni in
southern Africa have persisted for decades. This species was described from
the Bubu River, a tributary of the Great Ruaha River basin in Tanzania, and was
considered to be distributed across several eastern, central, and southern Afri-
can river systems (Daget et al. 1986; Bell-Cross and Minshull 1988). However,
following extensive surveys of river systems in east Africa and comprehensive
examination of specimens from this region, Seegers (1996) did not record
C. neumanni from localities outside the Great Ruaha River system, indicating
that this species was not as widely distributed as previously thought. Although
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Figure 1. Distribution of Chiloglanis species in southern Africa based on data from the National Research Founda-
tion-South African Institute for Aquatic Biodiversity extracted from the GIBF database (https://www.gbif.org).

the name C. neumanni has persisted in subsequent literature from southern
Africa, ichthyologists have consistently made remarks that the suckermouth
catfishes of this region required detailed taxonomic investigation to determine
their identity (Marshall 2011). In recent years, there has been general consen-
sus among southern African ichthyologists that the species currently referred
to as C. neumanni in this region actually represents an undescribed species
or even a species complex, including several undescribed species. This asser-
tion is based on the extensive geographic distance between southern Africa
and the Bubu River, as well as the emerging patterns of undescribed diversity
within other species with similar distribution ranges as C. neumanni. For ex-
ample, studies of A. uranoscopus (Pfeffer, 1889) and Zaireichthys rotundiceps
(Hilgendorf, 1905) led to the resurrection of two synonyms and the description
of nine new species (Thomson and Page 2010; Eccles et al. 2011). Indeed, a
genetic study by Chakona et al. (2018) identified six unique lineages within the
genus Chiloglanis from the Eastern Zimbabwe Highlands ecoregion, a result
that is consistent with Marshall’'s (2011) postulation that the continued use of
the name C. neumanni in southern Africa potentially obscures the actual diver-
sity of this group of fishes in this region. A total of four new species to science
are currently being described from the Eastern Zimbabwe Highlands ecoregion,
with two of them being endemic to this region (Chakona et al., pers. obs.).
During surveys of the southern tributaries of the middle Zambezi River system
in 2016 and 2019, morphologically distinct suckermouth catfishes were collect-
ed from the Mukwadzi River that drains the western margin of the Great Dyke
in Zimbabwe. These specimens could not be attributed to any of the currently
described species or recently identified lineages of Chiloglanis from this region.
The present work represents the first in a series of studies that aim to resolve the
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taxonomy of suckermouth catfishes of southern Africa. This study applied inte-
grative taxonomic approaches combining genetic and morphological data to de-
termine the taxonomic distinctiveness of the recently collected specimens from
the middle Zambezi River. The significance and implications of incomplete doc-
umentation of the diversity of rheophilic species in a region where their unique
habitats are under threat from multiple environmental impacts are discussed.

Materials and methods

Collections

Specimens were collected from two sites in the Mukwadzi River, a tributary of
the Manyame River, a south bank affluent of the middle Zambezi River, during
surveys in 2016 and 2019. Samples were collected using a battery-powered
Samus 725GN backpack electric fisher with a block net placed downstream
to capture dislodged animals in the fast-flowing current. The specimens were
photographed to document the live colour pattern then euthanized with clove
oil. Muscle tissue from the right side of the specimens was cut out and pre-
served in 99% ethanol for molecular analysis. Voucher specimens for morpho-
logical studies were fixed in 10% formalin in the field and subsequently trans-
ferred to 70% ethanol for long term preservation. Additional tissue samples and
voucher specimens used in the present study were obtained from the National
Fish Collection at the National Research Foundation-South African Institute for
Aquatic Biodiversity (NRF-SAIAB) in Makhanda (Tables 1, 2).

Table 1. List of 80 COI sequences used in the present study including six new sequences of the specimens from the
Mukwadzi River. The new sequences (in bold) include the hologenetype identified by an asterisk (*) and paragenetypes

identified by a plus (+).

Species name

Atopochilus savorgnani

Chiloglanis anoterus

Chiloglanis bifurcus

Chiloglanis fasciatus

Chiloglanis paratus

Chiloglanis pretoriae
Chiloglanis sp. ‘dwarf’

River system GPS coordinates (Latitude, Longitude) COl sequence ID
Congo - MKO073983
Congo - MKO073984

Mlumati -25.7567,31.4386 LN610269
Mlumati -25.7692, 31.3367 LN610270
Mlumati -25.7692, 31.3367 LN610271
Mlumati -25.8672,31.3347 LN610272
Mlumati - MH432062
Mlumati - SB8458
Mlumati - SB8462
Okavango -13.5943, 16.8805 ANGFWO077-12
Okavango -12.6713,16.1114 ANGFW131-12
Okavango -12.6713,16.1114 ANGFW132-12
Okavango -12.6713,16.1114 ANGFW133-12
Okavango -12.6713,16.1114 ANGFW134-12
Phongolo - MPUMAO025
Phongolo - SB8459
Limpopo -23.9904, 31.8258 LN610341
Honde -18.4337,32.8969 MH432047
Honde -18.5992, 32.729 MH432054
Makanga -18.5438,32.8013 MH432044
Mupenga -18.5725, 32.8038 MH432042
Mupenga -18.5725, 32.8038 MH432048
Mutarazi -18.5324,32.8075 MH432018
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Species name

Chiloglanis sp. ‘dwarf’

Chiloglanis sp. ‘Shire’
Chiloglanis carnatus sp. nov.

Chiloglanis sp. ‘Nyangombe’

Chiloglanis sp. ‘Pungwe’

Chiloglanis sp. ‘roughskin’

Chiloglanis sp. ‘Zambezi’

Chiloglanis swierstrai

Euchilichthys boulengeri
Euchilichthys royauxi

ZooKeys 1197: 57-91 (2024), DOI: 10.3897/z0okeys.1197.114679

River system
Mutarazi
Mutarazi

Nyamhingura

Nyamhingura

Nyamhingura

Phalombe
Pungwe
Pungwe
Pungwe
Pungwe
Pungwe

Ruo
Shire

Manyame

Manyame

Manyame

Manyame

Manyame

Manyame

Chidya
Chidya
Chidya
Chidya
Chiyengwa
Honde
Pungwe
Pungwe
Buzi
Chiyengwa
Chiyengwa
Honde

Makanga

Mupenga

Mupenga

Mupenga

Mupenga
Ngarura
Ngarura
Ngarura

Nyamukombe

Nyamukombe

Nyamukombe

Nyamukwara

Nyamukwara
Pungwe

Rwera
Zambezi
Nyangombe
Nyangombe
Okavango
Okavango
Okavango
Phongolo
Phongolo
Phongolo
Dipumu
Epulu

GPS coordinates (Latitude, Longitude)
-18.5324, 32.8075
-18.5324, 32.8075
-18.3696, 32.9354
-18.3696, 32.9354
-18.3696, 32.9354

-15.81, 35.646
-18.3955, 32.9707
-18.3955, 32.9707

-18.45, 32.8968
-18.45, 32.8968
-18.3955, 32.9707
-16.0403, 35.6633
-15.061, 35.219
-17.4249, 30.5854
-17.4249, 30.5854
-17.4249, 30.5854
-17.4249, 30.5854
-17.4249, 30.5854
-17.4249, 30.5854
-18.2653, 32.5903
-18.2653, 32.5903
-18.2653, 32.5903
-18.2653, 32.5903
-18.6878, 32.922
-18.5992, 32.729
-18.3955, 32.9707
-18.3955, 32.9707
-19.932, 33.826
-18.6878, 32.922
-18.6878, 32.922
-18.5438, 32.8044
-18.5438,32.8013
-18.5725, 32.8038
-18.5725, 32.8038
-18.5725, 32.8038
-18.5725,32.8038
-18.5474,32.8718
-18.5474,32.8718
-18.5474,32.8718
-18.3821, 33.0327
-18.3821, 33.0327
-18.3821, 33.0327
-18.6918, 32.9236
-18.6918, 32.9236
-18.4414, 32.8875
-18.5434, 32.8044
-15.656, 30.953
-18.0829, 32.5819
-18.0829, 32.5819
-14.9397,17.7188
-13.5943, 16.8805
-14.6497, 16.9066

-6.0045, 22.3905

COl sequence ID
MH432019
MH432032
MH432025
MH432026
MH432027
MAFW097
MH432030
MH432031
MH432046
MH432057
MH432061
MAFW029
MAFW119
PP156890*
PP156891*
PP156892*
PP156893*
PP156894*
PP156895*
MH432020
MH432021
MH432022
MH432033
MH432040
MH432049
MH432028
MH432029
SAFW910
MH432045
MH432051
MH432036
MH432043
MH432038
MH432039
MH432041
MH432060
MH432052
MH432053
MH432059
MH432034
MH432035
MH432058
MH432055
MH432056
MH432050
MH432037
SAFW893
MH432023
MH432024

ANGFWO015-12
ANGFWO078-12
ANGFW211-12
SB8457
SB8460
SB8461
HM418085
KT192823
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Table 2. List of 184 specimens examined in this study including 19 specimens collected from the Mukwadzi River.

Species
Chiloglanis anoterus

Chiloglanis bifurcus

Chiloglanis emarginatus

Chiloglanis fasciatus

Chiloglanis carnatus sp. nov.

Chiloglanis paratus

Chiloglanis swierstrai

Chiloglanis pretoriae

Chiloglanis neumanni

Chiloglanis sp. ‘rough skin’

Chiloglanis sp. ‘dwarf’

Chiloglanis sp. ‘Pungwe’

Chiloglanis sp. ‘Nyangombe’

Chiloglanis sp. ‘Zambezi'

Type status
Holotype
Holotype
Paratype
Paratype
Holotype
Paratype

Holotype
Paratype
Paratype
Holotype
Paratype
Paratype
Paratype

Holotype

Lectotype
Paralectotype

Paralectotype

Catalogue No.
SAIAB 186246
SAIAB 120160
SAIAB 120161
SAIAB 120529
SAIAB 120117
SAIAB 120118
SAIAB 204928
SAIAB 204916
SAIAB 236631
SAIAB 211349
SAIAB 211346
SAIAB 186248
SAIAB 120050
SAIAB 30013
SAIAB 21805
SAIAB 186247
SAIAB 82972
SAIAB 70603
SAIAB 70822
BMNH190575249
BMNH190575250
BMNH190575250
SAIAB 201075
SAIAB 201095
AC14CL10
SAIAB 200955
SAIAB 200933
SAIAB 201035
SAIAB 201047
SAIAB 201088
SAIAB 201026
AC14CL10
SAIAB 200940
SAIAB 200923
SAIAB 205087
SAIAB 205074
AC13BL04
AC13BL04
SAIAB 201095
SAIAB 201067
SAIAB 210408
SAIAB 200517
SAIAB 81243
SAIAB 186643
SAIAB 186709
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No. specimens
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River system
Phongola
Incomati
Incomati
Incomati
Incomati
Incomati
Okavango
Okavango
Manyame
Manyame
Manyame
Phongola
Incomati
Phongola
Phongola
Phongola
Limpopo
Incomati
Limpopo

Bubu
Bubu
Bubu
Pungwe
Chiyengwa
Mupenga
Ngarura
Nyamukombe
Rwera
Nyamukombe
Nyamukwara
Honde
Mupenga
Pungwe
Pungwe
Mutarazi

Nyamhingura
Pungwe
Pungwe

Chiyengwa
Honde
Chidya

Nyangombe

Lower Zambezi
Okavango

Okavango

Latitude, Longitude
-27.5,30.4667
-25.4333,30.7167
-25.4333,30.7167
-25.3833, 30.35
-25.9833, 30.6833
-25.85,30.2
-14.3872,16.2876
-14.387,16.2873
-17.4249, 30.5854
-17.4244, 30.5845
-17.4249, 30.5854
-27.3833,31.5
-25.6667,27.8333
-27.4333,31.5167
-27.4167,31.1833
-23.0105, 30.4785
-25.8478,27.7836
-25.3883,28.3117

-18.4414,32.8875
-18.6878, 32.922
-18.5725, 32.8038
-18.5474,32.8718
-18.3821, 33.0327
-18.5434, 32.8044
-18.3821, 33.0327
-18.6918, 32.9236
-18.5438, 32.8044
-18.5725, 32.8038
-18.45,32.8968
-18.3955, 32.9707
-18.5324, 32.8075
-18.3696, 32.9354
-18.3955, 32.9707
-18.3955, 32.9707
-18.6878,32.922
-18.5992, 32.729
-18.2653, 32.5903
-18.0829, 32.5819
-15.656, 30.953
-14.9397,17.7188
-13.5943, 16.8805
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DNA extraction, amplification, and sequencing

A total of six new COIl sequences of Chiloglanis carnatus sp. nov. were gener-
ated for this study. Preparation and sequencing of genetic material was done
in the Aquatic Genomics Research Platform at the NRF-SAIAB. Genomic DNA
was extracted from preserved tissues using the salting-out method (Sunnucks
and Hales 1996). The mitochondrial DNA cytochrome c oxidase subunit | (COI)
gene was amplified by polymerase chain reaction (PCR) using the universal fish
DNA barcoding primer set FishF1 and FishR1 (Ward et al. 2005). PCRs were
performed with a Veriti 96 well thermal cycler (Applied Biosystems, USA) and
each reaction mixture (25 pL) contained 50-100 ng) of template DNA, 6.5 pL
of water, 0.5 pL of each primer (10 uM), and 12.5 pL Taq DNA polymerase 2x
master mix red (Amplicon PCR enzymes and reagents, Denmark). The PCR am-
plification profile had an initial denaturation step of 3 min at 94 °C followed by
38 cycles of 30 sec at 94 °C, annealing at 55 °C for 30 sec, and extension at
72 °C for 50 sec, and final extension at 72 °C for 7 min. The amplicons were
purified using an Exonuclease I-Shrimp Alkaline Phosphate (Exo/SAP, Thermo
Fisher Scientific, USA) protocol (Werle et al. 1994), sequenced using standard
fluorescent BigDye v. 3.1 (Applied Biosystems, USA) terminator chemistry in
the forward direction, and analysed on a 3500 Genetic Analyser (Applied Bio-
systems, USA) at the NRF-SAIAB. Additional sequences were obtained from
the public databases GenBank (https://www.ncbi.nlm.nih.gov/genbank/) and
Barcode of Life Data Systems (BOLD) (http://www.boldsystems.org/) (Table 1).

Phylogenetic analyses

Phylogenetic analyses included genetic sequences generated from Chiloglanis
carnatus sp. nov., six of the seven nominal species from southern Africa, six
candidate species of Chiloglanis identified by Chakona et al. (2018) (Chilogla-
nis sp. ‘roughskin’, Chiloglanis sp. ‘Zambezi’, Chiloglanis sp. ‘Nyangombe’,
Chiloglanis sp. ‘Pungwe’, Chiloglanis sp. ‘Shire’, Chiloglanis sp. ‘dwarf’), and
three outgroup species (Euchilichthys boulengeri Nichols & LaMonte, 1934,
Euchilichthys royauxi Boulenger, 1902; Atopochilus savorgnani Sauvage, 1879)
(Table 1). Genetic material for C. neumanni from its type locality and C. emar-
ginatus could not be accessed before finalising this study. Mitochondrial DNA
sequences were edited, aligned, and trimmed in MEGA-X (Kumar et al. 2016).
The sequences were translated into amino acid sequences in MEGA-X to check
for stop codons and gaps to ensure that they were copies of functional mito-
chondrial protein coding sequences. Haplotype groups were identified using
DNASP 6 (Rozas et al. 2017). The most suitable model for nucleotide substi-
tution was selected using the Akaike Information Criterion (AIC) (Akaike 1974)
as implemented in the program jModelTest 0.1.1 (Darriba et al. 2012). Bayes-
ian phylogenetic inference was performed in MrBayes 3.2.6 (Ronquist et al.
2012) using the TIM3+I+G evolutionary model identified using jModeltest. The
phylogenetic tree and posterior probabilities were inferred using four Markov
chain Monte Carlo (MCMC) chains which were run for 2 x 10° generations with
tree sampling every 1000 generations. The program Tracer 1.7 (Rambaut et al.
2018) was used to analyse the quality of the trace files generated by MrBayes
and to determine the number of trees to be discarded as burn-in. The first 25%
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of the sampled trees for each analysis was discarded as burn-in, and the re-
maining trees were used to calculate a majority rule consensus tree. Maximum
likelihood (ML) analysis of the same dataset was performed in RAXML v. 8 (Sta-
matakis 2014) through the graphical user interface raxmIGUI v. 2 (Silvestro and
Michalak 2012). A total of 10 ML searches were performed in raxmIGUI and
support values for the ML tree nodes were estimated by 1000 non-parametric
bootstrap inferences (Felsenstein 1985). Bootstrap values equal to or higher
that 70% (Hillis and Bull 1993), and posterior probability values at 0.95 or higher
(Alfaro and Holder 2006), were considered strong support.

Molecular species delimitation

Four molecular species delimitation methods were used to delineate candidate
species within the suckermouth catfishes of southern Africa using the same
dataset used for the phylogenetic analysis. The first two methods, Automatic
Barcode Gap Discovery (ABGD; Puillandre et al. 2012) and Assemble Species by
Automatic Partitioning (ASAP; Puillandre et al. 2021) infer the barcode gap from
the data to partition sequences into proposed candidate species. These methods
were performed on their respective webservers (https://bioinfo.mnhn.fr/abi/pub-
lic/abgd/ and https://bioinfo.mnhn.fr/abi/public/asap/asapweb.html). The intra-
specific diversity priors were setatP_ =0.001and P__ =0.1) for both methods.
The Kimura (K80) TS/TV distance model was used and the remaining settings
were left at their default parameters. The second pair of species delimitation
methods included the Bayesian implementation of the Poisson Tree Processes
(bPTP) (Zhang et al. 2013) and the General Mixed Yule Coalescent (GMYC) (Pons
et al. 2006; Fujisawa and Barraclough 2013). Both GMYC and bPTP require a
phylogenetic tree as input and from this tree they estimate rates of branching
events to infer which parts of the tree are likely to follow a speciation model
(interspecific variation) and which parts follow a coalescent model (intraspecif-
ic variation). The bPTP was performed on the web server (http://species.h-its.
org/ptp/) using the same tree generated for phylogenetic reconstruction and a
MCMC run for 1 x 10° generations with 10% burn-in. For the GMYC analysis a fully
resolved ultrametric tree was inferred in Bayesian evolutionary analysis by sam-
pling trees (BEAST) 2.4.6 (Bouckaert et al. 2014) using a strict clock and Yule
model and the MCMC was ran for 1 x 107 generations with tree sampling every
1000 generations. The program Tracer 1.7.2 was used to analyse the quality of
the trace files generated by BEAST. TreeAnnotator (Helfrich et al. 2018) was used
to summarise the trees sampled by BEAST into a single maximum credibility tree
with a burn-in of 25%. The species’ limits by threshold Statistics (splits) package
(http://r-forge.r-project.org/projects/splits) in R 3.5.0 (R Core Team 2018) was
used to identify the candidate species from the maximum credibility tree pro-
duced by TreeAnnotator. Model corrected intraspecific and interspecific genetic
distances of the molecular taxonomic units identified by the species delimitation
methods were calculated in PAUP* 4.0a163 (Swofford 2003).

Morphological analyses

A total of 19 specimens of Chiloglanis carnatus sp. nov. collected from the Muk-
wadzi River were examined in the present study. Comparative material included
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the lectotype of C. neumanni, holotypes of six valid species from southern Africa
and five candidate species identified by Chakona et al. (2018) (Table 2). Because
type material for C. fasciatus could not be accessed before finalising this study,
10 conspecific specimens collected from close to the type locality of this species
and identified using the species description by Pellegrin (1936) and the key in
Skelton (2001) were used as topotypes. The syntypes of C. pretoriae were severe-
ly deformed, thus only their meristic counts were included for comparison in this
study, but 16 specimens collected from near the type locality of C. pretoriae and
identified using the key in Skelton (2001) were used as topotypes for this species.
Formulae and terminology of morphometric and meristic characters followed
Schmidt et al. (2015), Friel and Vigliotta (2008), and Skelton and White (1990). A
total of 49 morphometric characters were measured to the nearest 0.1 mm using
digital Vernier callipers following Friel and Vigliotta (2008) (Table 3, Fig. 2A-D).
External meristic counts were performed under a stereo microscope. Vertebrae
counts were made from radiographs taken at the NRF-SAIAB using an Inspex
20i Digital X-ray Imaging System (Kodex Inc., New Jersey, USA). Radiographs for
the lectotype and paralectotypes of C. neumanni were taken at the Royal Muse-
um for Central Africa in Tervuren, Belgium (MRAC) using a VisiX-MedexLoncin
(www.medex.be). A total of nine meristic characters were examined: number of
mandibular teeth, pre-maxillary teeth, pectoral-fin rays, pelvic-fin rays, dorsal-fin
rays, anal-fin rays, abdominal vertebrae, caudal vertebrae, and total vertebrae (Fig.
3). Following Roberts (1989), vertebrae counts excluded the Weberian structures
and began from the fifth vertebra which was identified by a pair of large but slen-
der ribs, and included the hypural complex which was counted as one vertebra.
The abdominal vertebrae were defined as the vertebrae that occurred anterior to
the first anal fin ray pterygiophore. Caudal vertebrae were defined as those that
occurred posterior to the first anal fin ray pterygiophore and included the hypural
complex which was counted as one vertebra (Roberts 1989) (Fig. 3). The genital
papillae were examined to determine the sex of the specimens following Friel
and Vigliotta (2008). Morphological measurements were standardised by trans-
forming body measurements into percentages of the standard length (SL) and
head measurements into percentages of the head length (HL). Principal compo-
nent analyses (PCA) were performed in PAST v. 3.12 (Hammer et al. 2001) using
the covariance matrix for the morphometric data in order to identify morpholog-
ical characters that contributed the most to distinguishing Chiloglanis carnatus
sp. nov. from the other Chiloglanis species from southern Africa.

Results
Phylogenetic analyses

The COI alignment of 80 sequences had 534 base pairs and 176 variable sites.
A total of 47 unique haplotypes were identified. Although the Bayesian phy-
logenetic tree was not fully resolved, it showed genetic structuring that sup-
ported the monophyly of suckermouth catfishes from southern Africa (Fig. 4).
Chiloglanis carnatus sp. nov. was recovered as an exclusive group that is genet-
ically divergent (2.8—15.0% genetic distances) from other Chiloglanis species
and lineages from southern Africa (Figs 4, 5; Table 4). With the exception of
C. pretoriae and Chiloglanis sp. ‘Shire’, all recovered clades were well-support-
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Table 3. Morphological characters examined in the present study.

Morphological characters Abbreviation
Adipose fin to caudal peduncle length AD-CPL
Adipose-fin base length ADFBL
Adipose-fin height ADFH
Anal-fin base length ANFBL
Anal-fin length along longest ray ANFL
Anterior nare interspace ANI
Body depth at anus BDA
Body depth at dorsal-fin insertion BDDF
Caudal fork length CFKL
Caudal peduncle depth CPD
Caudal peduncle length CPL
Dorsal fin to adipose fin length DF-ADFL
Dorsal-fin base length DFBL
Dorsal-fin length along longest ray DFL
Dorsal-spine length DSL
Eye diameter (horizontal axis) EDH
Eye diameter (vertical axis) EDV
Head depth HD
Head length to opercular membrane margin HL
Lateral mandibular barbel length LMBL
Length of post-cleithral process LCP
Lower caudal-fin lobe length LCFL
Lower lip length LLL
Mandibular tooth row width MTRW
Maxillary barbel length MXBL
Medial mandibular barbel length MMBL
Mouth width MW
Occipital shield width OSW
Oral disc length oDL
Oral disc width ODW
Orbital interspace 0Bl
Pectoral-fin length PFL
Pectoral-spine length PSL
Pelvic-fin interspace PVI
Pelvic-fin length PVFL
Post-cleithral process to occipital shield length CP-OSL
Posterior nares interspace PNI
Pre-anal length PANL
Pre-dorsal length PDL
Pre-maxillary tooth-patch length PMXL
Pre-maxillary tooth-patch width PMXW
Pre-pectoral length PPTL
Pre-pelvic length PPVL
Snout length SNL
Standard length SL
Total length TL
Upper caudal-fin lobe length UCFL
Upper lip length ULL
Width at pectoral-fin insertion WPTFI

Abdominal vertebrae -

Anal fin-ray count -
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Morphological characters Abbreviation
Caudal vertebrae -
Dorsal fin-ray count -
Mandibular tooth count -
Pectoral fin-ray count -
Pelvic fin-ray count -
Pre-maxillary tooth count -

Total vertebrae -
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Figure 2. lllustrations depicting linear measurements recorded from Chiloglanis specimens A lateral view B ventral view of
the Oral disc C ventral view D dorsal view of the head. Abbreviations: AD-CPL-adipose fin to caudal peduncle length, ADF-
BL-adipose-fin base length, ADFH-adipose-fin height, ANFBL-anal-fin base length, ANFL-anal-fin length along longest ray,
ANl-anterior nares interspace, BDA-body depth at anus, BDDF-body depth at dorsal-fin insertion, CFKL-caudal fork length,
CPD-caudal peduncle depth, CPL-caudal peduncle length, CP-OSL- post-cleithral process to occipital shield length, DF-AD-
FL-dorsal fin to adipose fin length, DFBL-dorsal-fin base length, DFL-dorsal-fin length along longest ray, DSL-dorsal-spine
length, EDH-eye diameter (horizontal axis), EDV-eye diameter (vertical axis), HD-head depth, HL-head length to opercular
membrane margin, LCFL-Lower caudal-fin lobe length, LCP-length of post-cleithral process, LLL-lower lip length, LMBL-Lat-
eral mandibular barbel length, MMBL-Medial mandibular barbel length, MTRW-mandibular tooth row width, MXBL-max-
illary barbel length, MW-mouth width, OBIl-orbital interspace, ODL-oral disc length, ODW-oral disc width, OSW-occipital
shield width, PANL-pre-anal length, PDL-pre-dorsal length, PMXL-pre-maxillary tooth-patch length, PMXW- pre-maxillary
tooth patch width, PNI-posterior nares interspace, PPTL-pre-pectoral length, PPVL-pre-pelvic length, PSL-pectoral-spine
length, PFL-pectoral-fin length, PVFL-pelvic-fin length, PVI-pelvic-fin interspace, SL-standard length, SNL-snout length,
TL-total length, UCFL—-Upper caudal-fin lobe length, ULL-upper lip length, WPTFI-width at pectoral-fin insertion.
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Figure 3. lllustration showing how fin rays and vertebrae were counted using x-ray radiographs. The red dots along the
vertebra represent the abdominal vertebrae and the blue dots represent the caudal vertebrae.

ed (posterior probability > 0.95). Genetic divergences within valid and candi-
date species ranged from 0-1.5% and interspecific divergences ranged from
1.3-15.7% (Table 4). Chiloglanis paratus from the Phongolo River was recov-
ered as the most basal clade that is sister species to all the southern African
suckermouth catfishes included in the present study. The relationships among
the remaining taxa were not well resolved as they were recovered within five
polytomous clades with weak support between them (Fig. 4). The first clade
contained Chiloglanis carnatus sp. nov. from the Manyame River and C. fas-
ciatus from the Okavango River. The second clade contained C. anoterus and
C. bifurcus from the Incomati River system as well as C. pretoriae from the
Limpopo River system. The third clade contained Chiloglanis sp. ‘Nyangombe’
from the Nyangombe River and Chiloglanis sp. ‘dwarf’ from the Pungwe and
Ruo rivers. The fourth clade contained Chiloglanis swierstrai from the Limpopo
River system. The fifth clade contained the Chiloglanis sp. ‘Zambezi’, Chilogla-
nis sp. ‘Pungwe’, Chiloglanis sp. ‘roughskin’, and Chiloglanis sp. ‘Shire’ lineages.
The Chiloglanis sp. ‘roughskin’ lineage occurs in the Buzi and Pungwe rivers,
whereas Chiloglanis sp. ‘Pungwe’ is endemic to the Pungwe River. Chiloglanis
sp. ‘Shire’ and Chiloglanis sp. ‘Zambezi’ lineages were found in the lower Zam-
bezi River system with the latter lineage also occurring in the Okavango River.
The phylogenetic tree inferred using the ML approach had similar topology to
the Bayesian inference tree (Fig. 5).

Molecular species delimitation

All four molecular species delimitation methods identified Chiloglanis carnatus
sp. nov., Chiloglanis sp. ‘Shire’, Chiloglanis sp. ‘Nyangombe', C. swierstrai, C. an-
oterus, C. pretoriae, C. bifurcus, C. fasciatus, and C. paratus as unique molecu-
lar taxonomic units (Fig. 4). The Assemble Species by Automatic Partitioning
method recovered the least number of candidate species, this method grouped
Chiloglanis sp. ‘roughskin’, Chiloglanis sp. ‘Pungwe’, and Chiloglanis sp. Zam-
bezi’ into a single molecular taxonomic unit. The General Mixed Yule Coalescent
method recovered the highest number of molecular taxonomic units. This meth-
od identified additional molecular taxonomic units within Chiloglanis sp. ‘roughs-
kin" and Chiloglanis sp. ‘dwarf’. The Automatic Barcode Gap Discovery and bPTP

ZooKeys 1197: 57-91 (2024), DOI: 10.3897/z0okeys.1197.114679 68



Tadiwa I. Mutizwa et al.: New suckermouth catfish (Chiloglanis) from the middle Zambezi River

MAFW119-11_C_Shire

C_roughskin
C_rougnskin

C_roughskin
_roughskin
MH432043_C_roughskin
_roughskin
©_roughskin
MH432053_C_roughskin
MH432056_C_roughskin
MH432060_C_roughskin

MH432036_C_roughskin
MH432045_C_roughskin
SAFWS10_C_roughskin
MH432028_C_pungwe
MH432029_C_pungwe
MH432049_C_pungwe

SB8461_C_swierstral
SB8460_C_swierstra
S88457_C_swierstral
MAFW029-11_C_dwarf
MAFW097-11_C_dwarf
MH432018_C_awart
MH432047_C_awart

)_C_¢
= MH432046_C_awart

MH432061_C_awart

c.
c

MH432033_
LNG10269_C_anoterus
LNG10270_C_anoterus
LNG10271_C_anaterus
LN§10272_C_anoterus
LN610341_C_pretoriae
MH432062_C_bifurcus
$B8456_C_bifurcus
SB8462_C_bifurcus
ANGFWO77_C_fasclatus

ANGFW133_C_fasiatus
ANGFW134_C_fasciatus
ANGFW131_C_fasciatus
ANGFW132_C_fastiatus
PP156800_C_Mukwacz
PP156891_C_Mukwaczi

PP156892_C_Mukwaczi
1 PP156893_C_Mukadzi
PP156895_C_Mulkiaczi

PP156804_C_Mukwaczi
SB8459_C_paratus
MPUMA025_C_paratus
Euchilchthys_boulenger

0.9,
—1+—:
16—

MH432034_C_roughskin =g

Atopochilus_savorgnani_}

Chiloglanis sp. ‘Shire’

Chiloglanis sp. 'roughskin’

]Chilaglanis sp. 'Pungwe’

Chiloglanis sp. 'Zambezi*

] Chiloglanis swierstrai

Chiloglanis sp. ‘dwarf'

_nyangombe:
nyangombe . P . .
- mngome] Chiloglanis sp. 'Nyangombe'
_nyangombe:

] Chiloglanis anoterus

Chiloglanis pretoriae
] Chiloglanis bifurcus

] Chiloglanis fasciatus

]Chi!cglenis carnatus sp. nov.

T chiloglanis paratus

| HM418085
Euchilichthys_royausd_KT192823
Atapachilus_savorgnani_MK073983

MK073984

[ I I N N N R N S N D B ABDG

! 4 9 1 ¢ |/ I | | | |} aIi¢¢

Figure 4. Bayesian inference tree of the species and lineages of the genus Chiloglanis found in southern African. The num-
bers at the nodes represent the Bayesian posterior probabilities. The black bars represent candidate species proposed by
four molecular species delimitation methods: Automatic Barcode Gap Discovery (ABGD), Automatic Partitioning (ASAP),
Bayesian implementation of the Poisson Tree Processes (bPTP), and General Mixed Yule Coalescent (GMYC).

inferred similar molecular taxonomic units with the exception of Chiloglanis sp.
‘dwarf’ which was split into two molecular taxonomic units by the latter method.

Morphological analyses

Principal component analysis (PCA) of the morphometric characters showed
that Chiloglanis carnatus sp. nov. is separated from C. swierstrai and C. anoter-
us along principal component 1 (PCI) (Fig. 6). This separation was associat-
ed with maxillary barbel length (Table 6). Chiloglanis carnatus sp. nov. (20.3-
28.8%HL) has relatively shorter maxillary barbels compared to C. swierstrai
(44.2-66.8%HL) and Chiloglanis sp. ‘Zambezi’ (31.3-37.0%HL, Table 5, Fig. 7A,
B). Chiloglanis carnatus sp. nov. is separated from C. swierstrai, C. anoterus,
and C. neumanni along principal component 2 (PCII) (Fig. 6). Separation along
PCIl is associated with the oral disc width (Table 6). Chiloglanis carnatus sp.
nov. has a relatively smaller oral disc width (51.1-64.6%HL) compared to C. an-
oterus (69.1%HL, Table 5, Fig. 7C).
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Figure 5. Maximum likelihood tree of the species and lineages of the genus Chiloglanis found in southern African. The
numbers at the nodes represent the bootstrap values.

Additional scatterplots were generated to explore the characters that fur-
ther distinguish the Chiloglanis carnatus sp. nov. specimens. The Chilogla-
nis carnatus sp. nov. specimens have a narrower mandibular tooth row
width (4.6-8.1%HL) compared to C. pretoriae (16.0-25.6%HL), C. swierstrai
(10.0-16.6%HL), C. neumanni (9.9-13.5%HL), C. emarginatus (9.6—13.5%HL),
C. bifurcus (10.4-17.3%HL), C. anoterus (10.5%HL), Chiloglanis sp. ‘dwarf’
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Table 4. Ranges of cytochrome oxidase | (COIl) genetic distances (%) between the Chiloglanis species included in the
present study.

1 | Chiloglanis sp.
‘dwarf’

2 | Chiloglanis sp.
‘Nyangombe’

3 | Chiloglanis sp.
‘Zambezi’

4 | Chiloglanis sp.
‘Pungwe’

5 | Chiloglanis sp.
‘roughskin’

6 | Chiloglanis sp.
‘Shire’

7 | Chiloglanis
carnatus sp. nov.

8 | Chiloglanis
anoterus

9 | Chiloglanis
pretoriae

10 | Chiloglanis
fasciatus

11 | Chiloglanis
swierstrai

12 | Chiloglanis bifurcus

13 | Chiloglanis paratus

14 | Atopochilus
savorgnani

15 | Euchilichthys
boulengeri

16 | Euchilichthys
royauxi

1
0-1.5
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10.7-
11.4

11.0-
11.8
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15.0-
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16.3-
16.5
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0-0.9

21- | 0-02

3.0

22- 13-  0-13

39 | 26

51- | 50- | 41- | _

56 | 52 | 52

10.7-  11.0- | 10.1- | 103- | 0-1.1

120 120 | 112 | 110

95- | 97- 96~ 97  97-  0-02

101 | 107 | 99 11.4

10.7- | 107-  11.0- | 101 | 107- | 34-  _

11.0 | 108 | 114 114 | 36

109- | 112- 103- | 103 | 28- | 90- | 96—  0-06

114 116 | 109 39 | 92 97

114~ | 114- 11.2- | 101- 124-  114- 124-  90-  02-

118 118 118 110 133 | 118 127 | 125 04

99- | 105- 103- 94 | 98- | 24- 41 | 90- 118~ 0

103 | 107 | 107 105 | 26 92 | 122

142~ | 148- 150-  139- 140- 133- 137- 137- 154- | 131- 06

148 152 | 157 | 140 150 | 137 | 139 144 | 157 135

150~ | 155- 150~ | 142- 155- | 150- 148- | 150-  165- 152-  150- 11
159 161 | 155 144 | 169 157 | 150 155 | 169 | 157 155

152- | 144 140- 142 | 154-  146- 148 | 150-  137- 146-  133- 112 | _
15.4 14.2 161 | 154 154 | 139 | 154 | 135 114
16.3- | 157 154~ 148 157- 163- 165  152- 154~ 163  135- 107 66 _
16.9 16.1 165 | 165 155 155 39

(13.6—25.0%HL), Chiloglanis sp. ‘Nyangombe’ (19.0-25.5%HL), Chiloglanis
sp. ‘Pungwe’ (17.6—27.8%HL), Chiloglanis sp. ‘roughskin’ (11.9-22.2%HL), and
Chiloglanis sp. ‘Zambezi' (20.5-25.4%HL; Fig. 7D, E). Chiloglanis carnatus sp.
nov. has an oral disc with relatively longer lower lips (18.3—-26.6%HL) compared
to Chiloglanis sp. ‘roughskin’ (9.6-16.8%HL, Fig. 7F). Chiloglanis carnatus sp.
nov. has a relatively deeper caudal peduncle (11.3-13.2%SL) compared to
C. neumanni (9.5-9.9%SL), C. paratus (9.6-9.9%SL), C. fasciatus (7.5—-8.8%SL),
C. swierstrai (7.2-8.7%SL), and Chiloglanis sp. ‘Zambezi’ (10.0-11.1%SL,
Fig. 7G, H). A longer adipose-fin base length distinguishes Chiloglanis carnatus
sp. nov. (17.0-23.3%SL) from C. bifurcus 9.2-13.6%SL) (Fig. 71). Larger adi-
pose fin height (4.1-6.8%SL) and shorter anal fin rays (11.7-17.9%SL) further
distinguish Chiloglanis carnatus sp. nov. from C. neumanni (adipose fin height:
2.7-3.1%SL; anal fin ray length: 19.2-20.9%SL; Fig. 7J, K). A shorter distance
between the anterior nares of Chiloglanis carnatus sp. nov. (9.5-15.5%HL) sep-
arates it from C. bifurcus (19.5-21.2%HL), C. emarginatus (16.5-22.4%HL), and
C. swierstrai (15.7-22.4%HL, Fig. 7L). Chiloglanis carnatus sp. nov. has a rela-
tively longer head (30.5-34.9%SL vs 24.8—28.0%SL), relatively wider body at
pectoral-fin insertion (23.0-25.3%SL vs 17.6-21.5%SL), and relatively longer
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Table 6. The PCA loadings for the first two principal components for the measured char-
acters of Chiloglanis species and lineages from southern Africa.

Principal component 1 2
Eigenvalue 90.91 70.84
% variance 22.46 17.50
Adipose fin to caudal peduncle length -0.02 -0.02
Adipose-fin base length 0.05 -0.01
Adipose-fin height -0.04 0.00
Anal-fin base length 0.03 -0.05
Anal-fin length along longest ray -0.03 -0.06
Body depth at anus -0.02 -0.04
Body depth at dorsal-fin insertion -0.09 -0.06
Caudal peduncle depth -0.05 -0.02
Caudal peduncle length 0.08 -0.10
Dorsal-fin to adipose fin length -0.02 -0.02
Dorsal-fin base length -0.17 0.08
Dorsal-spine length -0.06 0.04
Pre-anal length -0.16 0.17
Pre-dorsal length -0.10 0.11
Pre-pectoral length -0.08 0.10
Pre-pelvic length -0.12 0.15
Pectoral-spine length 0.04 0.01
Pectoral-fin length 0.04 0.03
Pelvic-fin length 0.00 0.02
Width at pectoral-fin insertion -0.04 0.06
Pelvic-fin interspace 0.00 0.02
Head length -0.18 0.07
Anterior nares interspace 0.14 -0.08
Eye diameter (vertical axis) 0.11 -0.03
Lower lip length 0.02 0.37
Mandibular tooth row width -0.16 -0.05
Maxillary barbel length 0.60 -0.41
Mouth width 0.35 0.21
Orbital interspace -0.18 -0.14
Oral disc length 0.22 0.34
Oral disc width 0.39 0.41
Pre-maxillary tooth-patch length 0.00 0.09
Pre-maxillary tooth-patch width 0.23 0.24
Posterior nares interspace 0.13 -0.13
Snout length -0.05 0.35
Upper lip length -0.09 0.15

pre-pelvic (56.0-59.3%SL vs 49.1-54.8%SL) and pre-dorsal distances (39.9—
43.7%SL vs 34.5-36.7%SL) that readily separated them from C. swierstrai
(Fig. 7M-P).

Comparison of meristic characters revealed consistent differences between
Chiloglanis carnatus sp. nov. specimens and the other species from southern
Africa. Chiloglanis carnatus sp. nov. specimens have ten closely packed man-
dibular teeth that separate them from C. bifurcus, C. emarginatus, C. fasciatus,
and C. neumanni that have eight mandibular teeth as well as from C. anoter-
us, C. pretoriae, C. paratus, and C. swierstrai that have > 10 mandibular teeth
(Fig. 8A). A higher number of anal-fin rays separates Chiloglanis carnatus sp.
nov. specimens (12-13) from C. paratus (9) and C. pretoriae (10) (Fig. 8B).
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Component 2

30 40 50
-22.5
-30.0
Component 1

A Chiloglanis pretoriae @ Chiloganis paratus @ Chiloganis carnatus sp. nov.
B Chiloglanis swierstrai @ Chiloganis emarginatus + Chiloganis sp. 'Pungwe’
» Chiloganis bifurcus Y Chiloganis fasciatus V/ Chiloganis sp. 'Zambezi'
@ Chiloganis anoterus © Chiloganis neumanni Chiloganis sp. 'Nyangombe'
* Chiloganis sp. 'dwarf"’ Chiloganis sp. 'roughskin’

Figure 6. Scatter plot of the first two principal components of the morphometric characters of Chiloglanis species and
lineages from southern African.

Chiloglanis carnatus sp. nov. specimens have a higher number of total verte-
brae (29-30) compared to C. neumanni (28), C. pretoriae (28), and C. paratus
(27) (Fig. 8C).

The integrated approach used in this study provided genetic and morpholog-
ical characters that clearly and consistently distinguish Chiloglanis carnatus sp.
nov. from the known species and lineages from this region. This study has thus
provided evidence that supports the description of the Chiloglanis carnatus sp.
nov. as a new species.

Taxonomic account

Chiloglanis carnatus Mutizwa, Braganga & Chakona, sp. nov.
https://zoobank.org/E1F0912C-986F-450F-9B90-400D86F5F3BC

Material examined. Holotype. ZIMBABWE * &, stored in 70% ethanol, 46.8 mm
SL, Fig. 9A-E; Mukwadzi River near bridge on the road to Mutorashanga,
Manyame River sub-catchment, middle Zambezi River system, Mashonaland
West Province, 17.42485°S, 30.58542°E; 30 Jun. 2016; A. Chakona, W. Kadye
and T. Bere; SAIAB 236631; genseqg-1 COl PP156890. Paratypes. ZIMBABWE
+ 5 Q, stored in 70% ethanol, 36.5-45.5 mm SL; near bridge on the road to
Mutorashanga, Mukwadzi River, Manyame River sub-catchment, middle Zam-
bezi River system, Mashonaland West Province, 17.42485°S, 30.58542°E;
30 Jun. 2016; A. Chakona, W. Kadye and T. Bere; SAIAB 211346; genseq-2
COI PP156891 to PP156895. ZIMBABWE * 6 @, 35.5-45.1 mm SL, 7 &, 36.5-
48.9 mm SL, stored in 70% ethanol; near bridge on the road to Mutorashanga,
Mukwadzi River, Manyame River system, middle Zambezi Basin, Mashonaland
West Province, 17.42444°S, 30.58453°E; 11 Apr. 2019; A. Chakona, W. Kadye
and T. Bere; SAIAB 211349.
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Figure 7. Scatterplots of the morphometric characters of the Chiloglanis species and lineages from southern African.
Key: Chiloglanis carnatus sp. nov. (red circle), C. pretoriae (brown triangle), C. swierstrai (dark green square), C. bifur-
cus (purple right-pointing triangle), C. anoterus (green heavy asterisk), C. paratus (pink diamond), C. emarginatus (Blue
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Figure 8. Scatterplots of the meristic characters of the Chiloglanis species from southern African.

Diagnosis. Chiloglanis carnatus sp. nov. is readily distinguished from its conge-
ners in southern Africa (i.e. C. anoterus, C. bifurcus, C. emarginatus, C. fasciatus,
C. paratus, C. pretoriae and C. swierstrai) by the presence of a dorsal fin that has
a basal portion covered by a fleshy skin, a character which is absent in the other
species. Chiloglanis carnatus possesses ten closely packed mandibular teeth,
that further distinguishes it from C. fasciatus that has eight closely packed man-
dibular teeth; C. bifurcus and C. emarginatus that have eight widely spaced man-
dibular teeth; C. anoterus, C. paratus, and C. pretoriae that have 12 closely packed
mandibular teeth; and C. swierstrai that has 14 closely packed mandibular teeth.
Chiloglanis carnatus possesses a deeply forked caudal fin that readily separates
it from C. pretoriae and C. emarginatus that have emarginate caudal fins, and from
C. anoterus that has a caudal fin with extended median rays in males and emar-
ginate in females. Chiloglanis carnatus possesses a caudal fin with an upper lobe
that is shorter than the lower lobe. This distinguishes it from C. bifurcus that has
a caudal fin with an upper lobe that is longer than the lower lobe. Chiloglanis car-
natus has an oral disc with a well-developed mid-ventral cleft that distinguishes
it from C. swierstrai that possesses an oral disc without a mid-ventral cleft.
Chiloglanis carnatus possesses a smooth skin with a few tubercles occasionally
found on the head that separates it from C. fasciatus that has its entire dorsal and
lateral body surfaces mostly covered by small tubercles. Chiloglanis carnatus has
a dorsal spine with crenate anterior and posterior margins that distinguish it from
C. paratus that has a dorsal spine with a serrated posterior margin.

Description. Morphometric proportions and meristics are summarised in
Table 7. Holotype meristic counts are given in parentheses.

Body shape. Anterior portion of body slightly compressed dorsally, becoming
laterally compressed from pelvic fin insertion to caudal peduncle. Body great-
est depth at dorsal-fin insertion. Pre-dorsal profile convex, sharply slopping
from snout to posterior nostril, gently from nostril to dorsal-fin origin. Post-dor-
sal profile about straight from dorsal-fin base to adipose-fin origin, becoming
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Figure 9. Holotype of Chiloglanis carnatus sp. nov., SAIAB 236631 male (A-E) and female paratype specimen SAIAB
211346 (F-K). Scale bars: 1 cm.

gently concave from adipose-fin origin to caudal fin. Ventral profile gently con-
vex from region just posterior to oral disc to anal-fin origin, becoming gently
concave from anal-fin origin to caudal fin.

Head. slightly depressed dorsally. Oval eye dorsally positioned, ~ 1/2 dis-
tance between snout and gill opening. Interorbital distance greater than dis-
tance between nostrils. Anterior and posterior nostrils closer to the eye than
snout. Distance between anterior nostrils slightly greater than distance between
posterior nostrils. Posterior nostril medially positioned relative to orbit. Anterior
nostril with posterior flap; posterior nostril with anterior flap. Occipital-nuchal
shield not visible through skin. Gill opening above pectoral fin insertion.

Oral disc. Mouth inferior; large upper and lower lips combined to form oral disc
(see Fig. 9E, K). Oral disc width greater than length. Upper and lower lips with
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Table 7. Summary of morphological characters for Chiloglanis carnatus sp. nov. All values
except standard length (SL) and Head length (HL) are given as percentages of the HL or SL.

Holotype Paratypes
Male Males Females
Number of specimens 7 11

Range Mean Range Mean
Total length 58.2 45.3-62.2 49.8 45.3-56.1 52.2
Standard length 46.8 36.5-48.9 39.6 35.5-455 41.8
Head length 14.3 12.1-15.1 13.0 12.3-15.6 13.5
% Standard length
Pre-pectoral length 28.1 26.9-30.0 28.9 27.1-29.1 28.3
Pre-dorsal length 40.2 40.0-42.6 41.6 39.9-43.7 41.3
Pre-pelvic length 58.4 56.0-58.8 57.8 56.9-59.3 57.9
Pre-anal length 711 67.6-70.8 69.1 67.9-73.3 70.6
Dorsal fin to adipose fin length 20.9 18.4-22.2 20.6 18.2-22.6 20.6
Pectoral-spine length 18.6 15.6-19.8 17.7 15.0-18.6 16.5
Pectoral-fin length 20.9 20.9-23.6 22.4 19.3-22.2 20.9
Width at pectoral-fin insertion 23.8 23.3-25.2 24.3 23.0-25.3 24.3
Pelvic-fin length 12.2 13.3-14.2 13.7 10.8-14.1 12.3
Pelvic-fin interspace 4.6 3.3-4.6 4.0 3.0-5.1 3.9
Body depth at dorsal-fin insertion 18.9 15.5-20.7 18.0 16.2-20.1 17.8
Body depth at anus 17.6 15.3-16.9 15.8 13.9-17.0 15.9
Dorsal-spine length 15.7 13.6-18.0 16.1 13.2-17.7 15.9
Dorsal-fin length along longest ray 17.9 15.2-20.7 18.5 16.2-20.0 17.4
Dorsal-fin base length 11.0 12.1-14.1 131 10.7-13.8 12.3
Adipose fin to caudal peduncle length 13.5 12.9-17.0 15.0 10.3-16.4 13.8
Adipose-fin base length 22.3 17.0-22.0 19.6 17.2-23.3 19.8
Adipose-fin height 5.1 4.1-6.1 52 42-6.8 5.3
Anal-fin length along longest ray 14.2 13.1-17.2 15.7 11.7-17.9 13.4
Anal-fin base length 121 11.8-15.3 13.2 11.1-13.4 12.5
Caudal peduncle depth 12.2 11.3-13.2 121 11.4-13.1 121
Caudal peduncle length 16.8 16.0-19.2 18.3 15.9-19.7 17.5
Caudal fork length 12.3 9.8-14.5 11.4 9.2-14.4 1.7
Head length 30.6 30.9-34.8 329 30.5-34.9 32.2
% Head length
Head depth 57.4 43.9-57.6 51.2 48.2-57.3 51.2
Eye diameter (vertical axis) 11.9 10.6-13.2 1.7 9.9-13.8 11.9
Eye diameter (horizontal axis) 15.7 13.0-16.4 14.1 12.9-16.8 15.0
Orbital interspace 25.1 22.3-28.7 24.1 21.5-26.8 24.5
Anterior nares interspace 12.1 9.5-15.5 12.1 10.4-14.6 12.2
Posterior nares interspace 12.6 11.0-15.5 13.5 10.3-15.4 12.7
Snout length 61.1 54.3-63.8 58.7 54.0-66.2 60.7
Pre-maxillary tooth-patch length 9.9 8.2-11.0 9.9 8.8-12.3 10.4
Pre-maxillary tooth-patch width 44.3 36.8-44.7 411 38.4-47.9 42.1
Mandibular tooth row width 6.7 4.6-8.1 6.4 5.4-71 6.4
Maxillary barbel length 27.6 20.3-27.2 25 22.3-28.8 253
Upper lip length 15.1 11.1-14.5 13.1 11.3-16.2 13.9
Lower lip length 234 18.3-25.2 22.7 20.7-26.6 23.8
Mouth width 29.2 25.3-30.8 27.3 23.9-33.8 28.1
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Holotype Paratypes
Male Males Females
Number of specimens 7 11

Range Mean Range Mean
Oral disc width 62.8 51.1-62.9 57.2 52.9-64.6 58.2
Oral disc length 54.3 48.6-57.0 53.1 50.2-56.4 53.3
Postcleithral process to occipital shield 37.8 29.5-36.3 33.1 32.2-38.3 35.5
Length of postcleithral process 29.6 23.4-28.9 25.5 22.9-27.8 25.9
Occipital shield width 23.6 14.6-19.5 16.9 14.9-24.2 18.8
Lower caudal-fin lobe length 13.4 9.3-13.0 10.6 10.0-12.7 11.2
Upper caudal-fin lobe length 10.8 8.7-12.1 9.8 9.1-11.7 10.4
Medial mandibular barbel length 0.6 0.2-0.6 0.4 0.4-0.9 0.6
Lateral mandibular barbel length 1.3 1.0-1.8 1.4 1.1-1.8 1.4
Meristics Range Mode Range Mode
Mandibular tooth count 10 8-10 10 8-10 10
Pre-maxillary tooth count 59 43-69 _ 49-68 60
Pectoral fin-ray count 8 7-8 8 6-8 8
Pelvic fin-ray count 7 7 7 6-7 7
Dorsal fin-ray count 6 6 6 5-7 6
Anal fin-ray count 13 12-13 12 12-13 12
Abdominal vertebrae 12 12 _ 11-13 13
Caudal vertebrae 17 17 _ 16-18 16
Total vertebrae 29 29 _ 29-30 29

pronounced roundish papillae, largest papillae concentrated around mid-ven-
tral cleft of lower lip. Three pairs of barbels. Maxillary barbel unbranched, origi-
nating from lateral region of oral disc, extending to posterior region of oral disc.
Lateral mandibular barbel longer than medial mandibular barbel, both incorpo-
rated into lower lip. Shallow cavity above lower lip.

Dentation. Pre-maxillary teeth arranged in three or four rows; variable num-
ber of teeth (43-69). Up to 5+5 closely packed mandibular teeth; central teeth
projecting higher than outer teeth forming a gentle arc; replacement tooth row
emerges anteriorly to the functional row.

Fins. Dorsal-fin ray count 5-7 (6), originating in anterior 1/3 of body, pos-
terior to pectoral-fin origin. Dorsal fin basal portion covered by a fleshy skin
prominent in large adult males and females with ~ % of the dorsal spine and
the first two rays also covered by fleshy skin (Fig. 10). Dorsal spine length ~
80% of longest dorsal fin ray length. Dorsal spine with dentate anterior and
posterior margins. Pectoral-fin ray count 6—8 (8), origin anterior to gill open-
ing; pectoral spine anterior margin smooth; dentate posterior margin; pectoral
spine length ~ 80% of pectoral fin length. Adipose fin origin preceded by ante-
rior tissue flange; rounded (Fig. 10). Caudal fin forked, lower lobe longer than
upper lobe. Anal-fin ray count 12 or 13 (13), origin posterior to origin of adipose
fin; terminating just before end of adipose-fin; rounded. Pelvic-fin ray count 6
or 7 (7), origin posterior to midpoint between end of dorsal-fin and adipose-fin
origin; rounded.

Skin. Skin smooth with occasional tubercles present, concentrated on dorsal
and lateral surface of head. Lateral line complete; originating anterior to dorsal
fin at same horizontal level of orbit and sloping ventrally until it lies mid-laterally
along body.
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Figure 10. Comparison of the dorsal and adipose fins of Chiloglanis carnatus sp. nov. and the type specimens of the valid
southern African species A Chiloglanis carnatus sp. nov. (SAIAB 236631) specimens have an extended dermal tissue
covering the base of the dorsal fin that distinguishes them from B C. swierstrai (SAIAB 186247) C C. bifurcus (SAIAB
120160) D C. emarginatus (SAIAB 120117) E C. fasciatus (SAIAB 204928) F C. paratus (SAIAB 186248) G C. pretoriae
(SAIAB 30011) H C. anoterus (SAIAB 186246). Scale bars: 1 cm.

Sexual dimorphism. Urogenital opening situated adjacent to origin of anal
fin. Urogenital papillae sexually dimorphic; elongated in males; reduced and
separated from anus by shallow invagination in females.

Colouration. Overall body background colouration brown with yellowish
ventral surface. Anterior portion of body dark brown becoming paler towards
posterior. Small dark melanophores scattered across entire dorsal and lateral
sides. Six yellowish brown blotches on lateral surface of body; two vertically
arranged posterior to end of adipose fin; one above origin of anal fin; two above
pelvic fin origin; and one below dorsal fin origin. Basal 1/3 of fins pale to dark
brown with medium and posterior portion of fins gradually becoming translu-
cent. Dark blotch cuts vertically across caudal peduncle lobes.

Vertebral counts. Total vertebrae 29 or 30 (29), abdominal vertebrae 11-13
(12), caudal vertebrae 16-18 (17).

Etymology. The specific epithet carnatus means fleshy, referring to the der-
mal tissue covering the base of the dorsal fin of some of the larger specimens
of this species and the general robust body structure of this species compared
to its regional congeners.
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Distribution. Chiloglanis carnatus was collected from two sites in the Mukwadzi
River near the bridge on the Mutorashanga Road. The Mukwadzi River is a peren-
nial river that originates from wetlands (dambos) on the eastern side of the Great
Dyke. This river flows in a north-western direction cutting through the Great Dyke
before it joins the Manyame River. The Great Dyke is a major intrusion of mafic
and ultramafic rocks that have vast ore deposits, including gold, silver, chromi-
um, platinum, nickel, and asbestos. The rich mineral deposits have resulted in the
establishment of many mines along the Great Dyke. The sites where C. carnatus
was collected were in a communal area surrounded by rural communities on the
western slope of the Great Dyke. The substratum at the sites was composed of
bedrock, cobbles and gravel, and the riparian vegetation was dominated by Syz-
ygium Gaertner, 1788 and Phragmites Adanson, 1763. At these sites C. carnatus
co-occurred with native fish species that include Labeo cylindricus Peters, 1852,
Opsaridium zambezense (Peters, 1852), Enteromius trimaculatus (Peters, 1852),
Tilapia sparrmanii Smith, 1840, Clarias gariepinus (Burchell, 1822), and Labeobar-
bus marequensis (Smith, 1841) as well as the non-native species Serranochromis
jallae (Boulenger, 1896) and Micropterus salmoides (Lacepéde, 1802).

Discussion

This study integrated molecular and morphological data to evaluate the taxo-
nomic distinctiveness of specimens of suckermouth catfishes that were collect-
ed from the middle Zambezi River system in Zimbabwe. Based on substantial
genetic differentiation as well as consistent meristic, morphometric, and qualita-
tive differences from its southern African congers, a new species of Chiloglanis
is described. This is the first description more than five decades after the last
comprehensive review of Chiloglanis species from southern Africa (see Jubb
and Le Roux 1969). This study adds to the growing body of literature that demon-
strates the value of integrative taxonomic approaches in the discovery and de-
scription of new species within this region (Maake et al. 2014; Morris et al. 2016;
Riddin et al. 2016; Kambikambi et al. 2021; Mazungula and Chakona 2021). As
evidenced from this study and work by Chakona et al. (2018), additional species
of suckermouth catfishes from southern Africa remain to be formally described.
It is anticipated that ongoing taxonomic studies on this group of fishes will result
in the description of at least ten new species from this region. These species
were all previously included under a single species, C. neumanni, but this study
and ongoing work by researchers from the NRF-SAIAB indicates that this species
does not occur in southern Africa. Updated taxonomic information of Chiloglanis
species from this region will improve our understanding of biogeographic and
phylogeographic patterns as well as drainage evolution in the region.

The dentition of species in the genus Chiloglanis, like that of most members
of the family Mochokidae, is highly specialised (Roberts 1989). Chiloglanis carna-
tus possesses ten closely packed mandibular teeth, a number not found in any
other Chiloglanis species in southern Africa. Variation in the number of mandib-
ular teeth in individual specimens can be observed due to tooth loss from the
functional row, delayed exposure of some teeth in the replacement row, or early
advancement of some replacement row teeth (Roberts 1989). However, by exam-
ining both the functional and replacement rows, it was possible to determine the
diagnostic number of teeth for this species. Outside southern Africa, the presence
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of ten mandibular teeth has been reported in west African species such as C. ko-
lente Schmidt et al., 2017, C. kabaensis Schmidt et al., 2017, C. nzerekore Schmidt
etal., 2017, C. occidentalis Pellegrin, 1933, and C. normani Pellegrin, 1933 (Paugy
et al. 2003; Schmidt et al. 2017). In addition to dentation, there were several mor-
phometric characters associated with the oral disc (e.g., maxillary barbel length,
oral disc width, lower lip length and mandibular tooth row width) that distinguish
C. carnatus from congenerics in southern Africa. Considering the importance of
the oral disc in the ecology of the species in this genus, these differences warrant
further study, particularly assessing potential differences in trophic ecology.

Rheophilic habitats form ‘islands’ with suitable environmental conditions for
specialised taxa such as those in the genus Chiloglanis. The disjunct distribu-
tion of these habitats within a river may play an important role in promoting
genetic and morphological diversity within rheophilic taxa. Some rheophilic
species have very narrow distribution ranges such that significant differences
have been found in the fish communities occurring at different rapids within the
same river system (Hrbek et al. 2018). In southern Africa high genetic and mor-
phological diversity within C. anoterus has been reported from geographically
isolated populations in the upper sections of the Phongolo and Inkomati river
systems, highlighting the importance of the rheophilic habitats in headwater
streams (Morris et al. 2016). The close association of Chiloglanis species with
rheophilic habitats probably promotes diversification; however, this has yet to
be explicitly tested within this region. The discovery of the C. carnatus from a
small section of the Mukwadzi River as well as other undescribed species with-
in southern Africa (Chakona et al. 2018) emphasises the need for accelerating
inventory of the diversity found in rheophilic habitats as these may harbour a
considerable number of species which are still unknown to science.

A number of southern African freshwater fish species in the genera Entero-
mius Cope, 1867, Nothobranchius Peters, 1868, Pseudobarbus Smith, 1841,
Sandelia Castelnau, 1861, Galaxias Cuvier, 1816, and Oreochromis Giinther,
1889 are threatened with extinction due to their narrow geographic ranges, the
introduction of invasive species, and habitat degradation (Marshall and Twed-
dle 2007; Jordaan and Chakona 2017; Roux and Hoffman 2017b; Nagy and
Watters 2019). Among the Chiloglanis species from southern Africa, C. bifurcus
and C. emarginatus are under threat with the former classified as Critically En-
dangered and the latter as Vulnerable in the IUCN Red List of threatened spe-
cies (Roux and Hoffman 2017a, 2018). Chiloglanis bifurcus is a narrow-range
endemic species that is confined to the upper sections of the Inkomati River
system, whereas C. emarginatus’ range in the Phongolo River system has de-
clined substantially over the past decades (Roux and Hoffman 20173, 2018).
Habitat loss though flow regulation, pollution, and sedimentation has been at-
tributed as the main driver of population decline in both these species (Roux
and Hoffman 2017a, 2018). Chiloglanis carnatus was collected from two sites
in the Mukwadzi River. The section downstream of these sites as well as oth-
er tributaries of the Mukwadzi River are heavily impacted by anthropogenic
activities. There are at least 13 small impoundments in the Mukwadzi River
before its confluence with the Manyame River. Largemouth bass (Micropterus
salmoides) and the nembwe (Serranochromis jallae) were also introduced into
this river system, and this combination of flow modification, water abstraction,
and non-native species is likely to negatively impact populations of native spe-
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cies (Gratwicke and Marshall 2001; Gratwicke et al. 2003; Kadye et al. 2013;
Kadye and Booth 2020). In addition to the modification of this river and the
non-native species, the rich mineral resources found within the Great Dyke at-
tract formal and informal mining operations which also threaten the species
living within these rivers through increased sedimentation/siltation which may
cause habitat loss. Although little is known about the distribution of C. carnatus
beyond the sites sampled in this study, multiple anthropogenic activities in the
Mukwadzi River catchment raise concerns about the conservation status of
this species.

The description of C. carnatus contributes towards clarifying the taxonom-
ic uncertainty surrounding species of the genus Chiloglanis found within the
geographic range formerly attributed to C. neumanni within southern Africa.
The discovery of C. carnatus follows the common pattern found among recent
taxonomic studies within the region whereby comprehensive sampling across
poorly explored regions and the use of integrated taxonomic approaches has
identified unique diversity within species previously thought to have wide distri-
bution ranges (Braganca et al. 2020; Kambikambi et al. 2021; Mazungula and
Chakona 2021). This pattern is likely to be consistent across southern Africa
suggesting underestimation of the region’s biodiversity. In particular, species
such as those from the genus Chiloglanis are likely to be more diverse since
they occur in disjunct distributions in rheophilic habitats, which are likely to be
associated with allopatric speciation. This study also raises the awareness of
the potential unique riverine diversity of the rivers that flow through the Great
Dyke, an important geological feature where 20 endemic plant species that are
adapted to the unique serpentine soils have been recorded (Wild 1965). Further
exploration of the aquatic fauna of this poorly surveyed region is likely to uncov-
er additional new species for science.
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Abstract

We describe a new treefrog species from Lao Cai Province, northwestern Vietnam. The
new species is assigned to the genus Zhangixalus based on a combination of the fol-
lowing morphological characters: (1) dorsum green, smooth; body size medium (SVL
30.1-32.2 in males); (2) fingers webbed; tips of digits expanded into large disks, bear-
ing circum-marginal grooves; (3) absence of dermal folds along limbs; (4) absence of
supracloacal fold and tarsal projection. The new species can be distinguished from its
congeners by: (1) dorsal surface of the head and body green without spots; (2) axilla
and groin cream with a black blotch; (3) ventral cream without spot; (4) chin creamy
with grey marbling; anterior part of the thigh and ventral surface of tibia orange without
OPEN aACCESS spots; posterior parts of thigh orange with a large black blotch; (5) ventral side of web-
bing orange with some grey pattern (6) iris red-bronze, pupils black; (7) finger webbing
formula 11%-1%111-21111-11V, toe webbing formula 1%2-%2110-1%I111"2-12IV1%-"%V. Phyloge-
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analysis of the group; these include a continental Southeast Asian and East
Asian species group and a Sundaland group. Brakels et al. (2023) also included
six species in the Z. chenfui group, distributed in China, Vietnam, and Laos, in-
cluding Zhangixalus chenfui (Liu, 1945), Z. jodiae (Nguyen, Ninh, Orlov, Nguyen
& Ziegler, 2020), Z. melanoleucus Brakels, Nguyen, Pawangkhanant, Idiiatulli-
na, Lorphengsy, Suwannapoom & Poyarkov, 2023, Z. nigropunctatus (Liu, Hu &
Yang, 1962), Z. pinglongensis (Mo, Chen, Liao & Zhou, 2016), and Z. yaoshanen-
sis (Liu & Hu, 1962).

Among the nine Zhangixalus species reported from Vietnam, Z. dennysi
(Blanford, 1881) has been reported from southeastern China to northeastern
Vietnam, Z. dorsoviridis (Bourret, 1937) from northwestern Vietnam and south-
ern China; Z. duboisi (Ohler, Marquis, Swan & Grosjean, 2000) from the Hoang
Lien range in Vietnam and China; Z. feae (Boulenger, 1893) from Myanmar
to the Tay Nguyen Plateau, Vietnam; Z. franki Ninh, Nguyen, Orlov, Nguyen &
Ziegler, 2020 exclusively from Ha Giang Province, Vietnam; Z. hungfuensis (Liu
& Hu, 1961) from Lao Cai Province, Vietnam, and Sichuan and Guangxi provinc-
es, China; Z. jodiae Nguyen, Ninh, Orlov, Nguyen & Ziegler, 2020 from Ha Giang
Province, Vietnam; Z. pachyproctus Yu, Hui, Hou, Wu, Rao & Yang, 2019 from
northern Vietnam, Yunnan Province, China, and Prachuap Khiri Khan, Thailand;
and Z. puerensis (He, 1999) from Lao Cai and Ha Giang provinces, Vietnam, and
Yunnan, China (Frost 2024).

During our 2019 fieldwork in Y Ty Commune, Bat Xat District, Lao Cai Prov-
ince, Vietnam, we collected a series of tree frogs that morphologically resem-
bled Z. yaoshanensis, a species known from Guangxi Province, China (Liu and
Hu 1962). However, the newly discovered population from Vietnam differs from
Z. yaoshanensis by the following distinct morphological characteristics: size
medium (SVL 30.1-32.2 mm in males); dorsum green without spots, venter
cream without spots; flank, axilla, and posterior thigh cream with large black
blotches. Furthermore, our phylogenetic analysis shows that the Lao Cai Prov-
ince population is nested in the same subclade with Z. jodiae, Z. pinglongensis,
and Z. yaoshanensis in the Z. chenfui group.

The pairwise distance from the newly collected species to the congeners
of Zhangixalus species ranges from 3.23% (compared to Z. pinglongensis) to
10.83% (compared to Z. smaragdinus). Meanwhile, the genetic distance among
species of Zhangixalus ranges from 0.49% (Z. dugritei and Z. hui) to 11.89%
(Z. pachyproctus and Z. yaoshanensis). This demonstrates that the treefrog
from Y Ty Commune is a distinct taxon, with a genetic distance of at least
3.23% from other Zhangixalus species.

Based on the morphological characters and molecular information, we de-
scribe here the unnamed Zhangixalus species from Lao Cai Province, Vietnam,
as a new species.

Materials and methods
Repositories, Institutional acronyms, or Institutional abbreviations

IEBR Institute of Ecology and Biological Resources
ROM  Royal Ontario Museum
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Sampling

The field survey was conducted from 25 April to 1 May 2019 by C.V. Hoang and
A.M. Luong in Y Ty Commune, Bat Xat District, Lao Cai Province, northwestern
Vietnam. Geographic coordinates and elevations were obtained using a Garmin
GPSMAP 76CSX (using the WGS84 datum). After the frogs were photographed
alive, three specimens of the new species (IEBR A 5136, IEBR A 5137 and IEBR
A 5138) (Table 1) were anaesthetized and euthanized in a closed vessel with
a piece of cotton wool containing ethyl acetate (Simmons 2002), fixed in 80%
ethanol for 5 h, and then transferred to 70% ethanol for permanent storage.
Liver-tissue samples were preserved separately in 96% ethanol before fixation
and subsequently deposited in the collection of IEBR.

Molecular data and phylogenetic analyses

We used the protocols of Kuraishi et al. (2013), modified by Nguyen et al.
(2015a), for DNA extraction, amplification, and sequencing. Fragments of the
16S rRNA mitochondrial DNA gene were amplified using the same primers
used by Kuraishi et al. (2013).

For the phylogenetic analyses, 55 sequences of 26 Zhangixalus species were
combined with two sequences of Rhacophorus kio as outgroups (Table 1).

Chromas Pro software (Technelysium Pty Ltd, Tewantin, Australia) was used
to edit the sequences, which were aligned using MAFFT v. 7 (Katoh and Standley
2013) with default settings. We then checked the initial alignments by eye and ad-
justed them slightly. Phylogenetic trees were constructed using IQ-TREE v. 1.6.12
(Nguyen et al. 2015b) while maximum-likelihood bootstrap support (MLBS) was
evaluated by ultrafast bootstrap approximation with 1000 replicates (Hoang et al.
2018) (ML). Prior to Bayesian analyses, we chose the optimum substitution mod-
els for entire sequences by using ModelFinder implemented in IQ-TREE based on
the Bayesian information criterion (BIC) (Kalyaanamoorthy et al. 2017). According
to ModelFinder, the best-fit model for ML analysis was TIM2+F+I+G4. Because the
TIM2 model and F parameter are not implemented in MrBayes, we selected the
next best-fit model for our Bayesian-inference (BI) analysis, which was the general
time reversible model (GTR; Tavaré 1986) with a proportion of invariable sites and
a gamma shape parameter (Alpha 0.215). The BI phylogenetic construction was
done in MrBayes v. 3.2.7a (Ronquist et al. 2012) with two independent runs of four
Markov Chains for 10,000,000 generations. A tree was sampled every 100 gener-
ation, and a consensus topology was calculated for 75,001 trees after discarding
the first 25,000 trees using the relative burn-in option (25% of trees discarded). We
checked parameter estimates and convergence using TRACER v. 1.5 (Rambaut
and Drummond 2009). We regarded tree nodes in the ML tree with bootstrap val-
ues of 95% or greater as sufficiently resolved (Hoang et al. 2018), and nodes with
a BPP of 95% or greater as significant in the Bl analysis (Leaché and Reeder 2002).

Morphological characters

A total of 34 measurements were taken with digital calipers to the nearest
0.1 mm (Nguyen et al. 2016). Abbreviations are as follows: SVL: snout-vent
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Table 1. Samples of Zhangixalus and other species were used for DNA analysis in this study.
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49.
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Scientific name
Rhacophorus kio
R. kio
Zhangixalus chenfui
Z. chenfui
Z. dennysi
Z. dennysi
Z. dorsoviridis
Z. dorsoviridis
Z. dorsoviridis
Z. duboisi
Z. duboisi
Z. dugritei
Z. dugritei
Z. feae
Z. feae
Z. franki
Z. franki
Z. hongchibaensis
Z. hongchibaensis
Z. hui
Z. hui
Z. hungfuensis
Z. hungfuensis
Z. jodiae
Z. jodiae
Z. lishuiensis
Z. lishuiensis
Z. melanoleucus
Z. melanoleucus
Z. melanoleucus
Z. nigropunctatus
Z. nigropunctatus
Z. omeimontis
Z. omeimontis
Z. pachyproctus
Z. pachyproctus
Z. pinglongensis
Z. pinglongensis
Z. puerensis
Z. puerensis
Z. schlegelii
Z. schlegelii
Z. smaragdinus

Z. smaragdinus

Z. wui
Z. wui
Z. yaoshanensis
Z. yaoshanensis

Z. yinggelingensis

Voucher
VN.2018.84
VN.2018.83

RaoZT0806013
Lio5
ML.2019.1
ML.2019.2
YNO080446
Yt.2018.16
YT 20186
VNMN7079
VNMNO010243
LJT 051002
LJT 051008
HB.2014.28
VNMNO05859
VNMN 011686
VNMN 011687
CIB 097696
CIB 097687
SCUM 0504111 L
SCUMLI 01
SCUM 060425L
SCUM 060424 L
VNMN 07121
VNMN 07122
YPX47794
YPX47792
BEI 01010
BEI 01011
ZMMU A7781
GZ070658
Li06
Li02
RaoZT0806010
TQ.2018.72
VNMN:1299
NHMG201002011
NHMG201002003
VNMN 010284
SCUM 060648 L
KUHE 44531

Genbank

RA06241
CAS 224708

CIB 097685
CIB 097690
NHMG150408
NHMG150404
HN2018002

:10.3897/z00keys.1197.1048571

Locality
Kon Tum, Vietham
Kon Tum, Vietnam
Zhaotong, Yunnan, China
Mt. Omei, Sichuan, China
Vinh Phuc, Vietnam
Vinh Phuc, Vietnam
Jinping, Yunnan
Lao Cai, Vietnam
Lao Cai, Vietnam
Ha Giang, Vietnam
Lai Chau, Vietnam
Sichuan, China
Sichuan, China
Hoa Binh, Viet Nam
Lai Chau Viet Nam
Ha Giang, Vietnam
Ha Giang, Vietnam
Chongging, China
Chongging, China
Sichuan, China
Sichuan, China
Sichuan, China
Sichuan, China
Ha Giang, Vietnam
Ha Giang, Vietnam
Lishui, Zhejiang, China
Lishui, Zhejiang, China
Phou Samsoum Mt., Xiengkhoang, Laos
Phou Samsoum Mt., Xiengkhoang, Laos
Phou Samsoum Mt., Xiengkhoang, Laos
Weining, Guizhou, China
Weining, Guizhou, China
Sichuan, China
Sichuan, China
Tuyen Quang, Viet Nam
Nghe An, Vietnam
Guangxi, China
Guangxi, China
Lai Chau, Viet Nam
Yunnan, ChinaYunnan, China
Okayama, Japan
Hiroshima, Japan
Tibet, China

Nagmung, Putao District,
Kachin, Myanmar

Hubei, China
Hubei, China
Guangxi, China
Guangxi, China

Hainan, China

GenBank no.

JX219431
JX219432

JX219425

JN688872
JN688873

LC548745
LC548746
JN688882
JN688883
JN688877
JN688878
EU215538
JN688879
LC545594
LC545595
KY653719
KY653720
0Q305233
0Q305235
0Q305234
JX219430
JX219433
JX219420
JX219419

LC545592
KU170684
KU170683

JN688884
LC369670
NCO007178
JX219411

MN613214

JN688881

JN688880
MG322122
MG322121
MW192130

Source
This study
This study
Lietal 2012b
Lietal. 2012b
This study
This study
Lietal. 2012b
This study
This study
This study
This study
Lietal. 2012a
Lietal. 2012a
This study
This study
Ninh et al. 2020
Ninh et al. 2020
Lietal. 2012a
Lietal. 2012a
Li et al. 2012a
Lietal. 2012a
Li et al. 2008
Lietal. 2012a
Nguyen et al. 2020
Nguyen et al. 2020
Liu et al. 2017
Liu et al. 2017
Brakels et al. 2023
Brakels et al. 2023
Brakels et al. 2023
Lietal. 2012b
Lietal. 2012b
Lietal. 2012b
Lietal. 2012b
This study
This study
Mo et al. 2016
Mo et al. 2016
This study
Lietal. 2012a
Matsui et al. 2018
Sano et al. 2005
Lietal. 2012b
Yu et al. 2019

Lietal 2012a
Lietal. 2012a
Chen et al. 2018
Chen et al. 2018
Genbank
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No.
50.
51.
52.
53.
54.
55.
56.
57.

Scientific name
Z. yunnanensis
Z. yunnanensis
Z. zhoukaiyae

Z. zhoukaiyae

Zhangixalus thaoae sp. nov.
Zhangixalus thaoae sp. nov.
Zhangixalus thaoae sp. nov.

Zhangixalus thaoae sp. nov.

Voucher Locality GenBank no. Source
Rao3494 Longling, Yunnan, China JX219429 Li et al. 2012b
Rao3496 Longling, Yunnan, China JX219428 Lietal. 2012b
AHURhaDb-150420-03 Anhui, China KU601499 Pan et al. 2017
AHURhaDb-150420-01 Anhui, China KU601500 Pan et al. 2017
ROM38011 Lao Cai, Vietham JX219427 Lietal. 2012b
IEBRA 5136 Lao Cai, Vietnam LC762092 This study
IEBRA 5137 Lao Cai, Vietham LC762093 This study
IEBR A 5138 Lao Cai, Vietnam LC762094 This study

length, HW: head width (across angle of jaws), HL: head length (from back of
mandible to tip of snout), MND: distance from jaw angle to nostril, MFED: dis-
tance from back of mandible to front of the eye, MBED: distance from back of
mandible to back of the eye, SNL: snout length (from anterior corner of eye to
tip of snout), ED: eye diameter, UEW: maximum width of upper eyelid, IND: in-
ternarial distance, 10D: interorbital distance (minimal distance between orbits),
AED: distance between anterior corners of eyes, PED: distance between poste-
rior corners of eyes, NS: distance from nostril to tip of snout, EN: distance from
anterior corner of eye to nostril, TYD: maximal tympanum diameter, TED: dis-
tance from anterior margin of tympanum to posterior corner of eye, Ua: upper
arm length (from axilla to elbow), Fa: lower arm and hand length (from elbow
to tip of third finger), NPL: nuptial pad length, F1-4: length of fingers I-1V (from
basis of finger to tip of finger), FeL: thigh length from vent to knee, ThL: tibia
length from knee to tarsus, TbOW: maximal tibia width, FL: foot length from tibi-
otarsal joint to tip of fourth toe, T1-5: length of toes |-V, IML: inner metatarsal
tubercle length. Terminology for describing the webbing formula followed Glaw
and Vences (2007). Sex was determined by the presence of nuptial pads and
gonadal inspection.

Results
Phylogenetic analyses

The aligned 16S sequences yielded a total of 1,033 characters. Of 1033 nucleo-
tide sites, 309 were variable and 295 were parsimony informative within the an-
alysed Zhangixalus species. Nucleotide frequencies were A = 37.7%, T = 24.4%,
C =20.7%, and G = 17.2% (data for ingroup only). Our phylogenetic analyses
employing ML and Bl methods yielded identical topologies, and only the Bl tree
is presented in Fig. 1.

Phylogenetically, the undescribed species of Zhangixalus from Y Ty Com-
mune, Bat Xat District, Lao Cai Province, Vietham was clustered with seven
species in the Z. chenfui group with a well-supported node (both 100% in the
ML and BI analyses). Furthermore, the undescribed Zhangixalus species was
found to be most closely related to a clade consisting of Z. pinglongensis
and Z. yaoshanensis, with significantly high support value in the Bl analysis
(99%) and a high support value from ML analysis (94%). The genetic distance
among the examined sequences ranges from 3.23% (between Zhangixalus sp.
from Lao Cai Province and Z. pinglongensis) to 8.10% (between Z. chenfui and
Z. yaoshanensis) (Table 2).
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IEBR A 5137 Zhangixalus

IEBRA 5138 thaoae sp. nov.

IEBR A 5136

KU170683 Z. pinglongensis

95, 'KU170684 Z. pinglongensis

— G322121 Z. yaoshanensis

MG322122 Z. yaoshanensis

gl C545595 Z. jodiae

C545594 Z. jodiae A

74/0.58 |JX219430 Z. nigropunctatus enui
EU215533 Z. nigropunctatus group

r]X219432 Z. chenfui
100/1.00 100 YX219433 Z. chenfui

0Q305233 Z. melanoleucus
—|OQ305234 Z. melanoleucus
0Q305235 Z. melanoleucus
93/0.86 rlX219429 Z. yunanaensis
1X219428 Z. yunanaensis
Yty.2018.16 Z. dorsovidiris
1X219425 Z. dorsovidiris
1.00/100 YT 2018 6 Z. dorsovidiris
KY 653719 Z. lishuiensis
KY 653720 Z. lishuiensis
1.00 U601500 23 Z. zhoukaiyae
90/0.73 KU601499 Z. zhoukaiyae

99/0.94

100/1.00

100/0.99

_./64
JX219420 Z. omeimontis

097 \L.C548475 Z. franki
LC548476 Z. franki
MW192130 Z. yinggelingensis

IN688872 Z. dugritei
/96 100/%]&\\!1688873 Z. dugritei

688877 Z. hui
IN688878 Z. hui
688882 Z. hongchibaensis
99y JN688883 Z. hongchibaensis
100 \EU215538 Z. hungfuensis
] o LpNessEro 2 g
109 007 TN688881 Z. wui
_:010284 Z. puerensis

IN688886 Z. puerensis
rLC369670 Z. schlegelii
L—NC 007178 Z. schlegelii
rML.2019.1 Z. dennysi

ML.2019.2 Z. dennysi
| Z. pachyproctus LC545592
L Z. pachyproctus TQ.2018.172
99/0.98 | Z. smaragdinus MN613214
1 Z. smaragdinus MN613214

|Z.feae HB 2014 28
Z. feae 05859

/62|

/73

| Rhacophorus kio VN 2018 083
'R kio VN 2018 084

()

0.01
Figure 1. Bl tree from a 1033 bp sequence of mitochondrial 16S rRNA gene of Zhangixalus and outgroup species. Num-
bers above and below branches are Bayesian posterior probabilities (BPP) and ML bootstrap. For GenBank accession
numbers, refer to Table 1.
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Taxonomic account

Zhangixalus thaoae sp. nov.
https://zoobank.org/DBOESE8SE-3E66-4AB1-B837-8FB8D485E982
Fig. 2

Material examined. Holotype: VIETNAM * &; Y Ty Commune, Bat Xat District,
Lao Cai Province, Northwestern Vietham; 22°37'17.6"N, 103°37'23.5"E; 1883 m
a.s.l.; 01 May 2019; C. V. Hoang and A. M. Luong leg.; IEBR A 5136; GenBank:
LC762092.1. Paratypes: VIETNAM * 2 J; same locality as for holotype; same
geo-coordinates; same altitude; same collection date; same collectors; IEBR A
5137, 5138; GenBank: LC762093.1, LC762094.1.

Diagnosis. The new species is placed in the genus Zhangixalus based on
some morphological characters: dorsum green and smooth; body size medium
(SVL 30.1-32.2 in males); fingers webbed; tips of digits expanded into large
disks, bearing circum-marginal grooves; absence of dermal folds along limbs;
absence of supracloacal fold and tarsal projection (Fig. 2).

The new species is distinguished from its congeners by a combination of
the following characteristics: 1) dorsal surface of head and body green without
spots; 2) axilla and groin cream with a black blotch; 3) ventrum cream-colored
without spots; 4) chin cream, with grey marbling; anterior part of thigh and ven-
tral surface of tibia orange, without blotch; posterior parts of thigh orange with
a large, black blotch; 5) ventral side of webbing orange, with some grey; 6) iris
red-bronze, pupils black. 7) finger webbing formula 11%-1%l11-21111-11V, and toe
webbing formula 1%2-%I10-1%I111% -13IV13%-1.V.

Description of the holotype (male). Size medium (SVL 32.2 mm), body robust;
head slightly compressed, head length nearly equal to the width (HW 12.1 mm,
HL 11.7 mm), convex above; snout round, slightly protruding beyond lower jaw
in lateral view, and longer than the horizontal diameter of eye (SNL 5.4 mm, ED
4.2 mm); canthus rostralis round, loreal region oblique, concave; interorbital dis-
tance wider than internarial distance and upper eyelid (I0D 4.3 mm, IND 3.1 mm,
UEW 3.0 mm); distance between anterior corners of eyes about 69.30% of the
distance between posterior corners of eyes; nostrils round, without lateral flap
of skin, closer to tip of snout than to eye; pupil oval, horizontal; tympanum dis-
tinct, round, about half the size of eye diameter, and twice greater than distance
between tympanum and eye (TYD 2.1, TYE 1.0); pineal ocellus and spinules on
upper eyelid absent; vomerine teeth well developed, in two oblique ridges; choa-
nae round; tongue deeply notched posteriorly; supratympanic fold weakly.

Forelimbs robust, upper arm short, nearly one-half of hand length (Ua 6.2
mm, Fa 14.6 mm), dermal fringe along the outer edge of forearm absent; rela-
tive finger lengths I<lI<V<Ill; tips of fingers with enlarged discs with distinct cir-
cum-marginal grooves; disc of finger Il approximately 1.5 times of the width of
finger Ill (fd3/fw3 1.5), greater than tympanum diameter (fd3/TYD 1.27); web-
bing formula 11%-1%l11-21111-11V, subarticular tubercles distinct, blunt, round,
formula 1, 1, 2, 2; nuptial pads prominent, oval, smooth.

Hindlimbs long and thin, heels overlapping when held at right angles to the
body; tibia length about four times greater than tibia width (TbL 13.9 mm, TbW
3.1 mm), longer than thigh length (FeL 13.3 mm), shorter than foot length (FL
19.0 mm); relative toe lengths I<lI<llI<V<IV; tips of toes with enlarged discs with
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Figure 2. Adult male holotype (IEBR A 5136) of Zhangixalus thaoae sp. nov., in life, from Y Ty Commune, Bat Xat District,
Lao Cai Province, northwestern Vietnam.

distinct circum-marginal grooves, discs slightly smaller than those of fingers;
webbing formula 1%2-%110-1%I11%-1%IV13%-".V; subarticular tubercles distinct,
blunt, round, formula 1, 1, 2, 3, 2; inner metatarsal tubercle small (IML 1.6 mm);
dermal ridge along the outer edge of tibia and tarsus absent; dermal projection
at tibiotarsal articulation absent.

Skin texture: dorsal surface of head and body smooth; supratympanic fold
weakly developed, throat and chest smooth, belly rough; ventral surface of fore-
and hindlimbs smooth.

Coloration in life: iris red-bronze, pupil black; dorsal surface of head and
body green without spots; dorsal surface of fore and hind limbs green, upper
side of fingers Il and Il and toes |, II, and Ill yellow, all tip of fingers and toes yel-
low; axilla cream and groin cream with a black blotch; anterior part of thigh and
ventral surface of tibia orange without spots; posterior parts of thigh orange
with a large black blotch; lower jaw cream, with grey marbling, and throat region
white; ventral side of webbing orange with some gray pattern, nuptial pads grey.

Coloration in preservative: As in life, but with green dorsal surface fading
to dark blue; and ventral side of body, limbs, and upper side of fingers | and II,
upper side of toes |, Il, and Il fading to light yellow.

Variation. Ground color of dorsum light green; ventral surface cream, with-
out spots. The size of blotches in the axilla, groin, and posterior thigh region of
the paratype is smaller than in the holotype (Fig. 3). For measurements of the
type series, see Table 3.

Etymology. The species is named after the first author’'s wife, Nguyen Thi
Thanh Thao, as a token of gratitude for her understanding and strong support
of his research activity. We recommend Thao's Tree Frog as the English com-
mon name and Ech cay tho as the Vietnamese common name.

Male secondary sexual characters. Male specimens with nuptial pad pres-
ent on base of the finger | and external single subgular vocal sac.

Natural history notes. Specimens were collected between 19:00 and 24:00h
on a branch about 1 m above the ground. The ground consisted of mountain
soil and puddles, and there was a small stream about 2 m away (Fig. 4A). The
habitat was an undisturbed evergreen forest on a granite mountain (Fig. 4B).
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IEBR A 5136 IEBR A 5137 IEBR A 5138

Figure 3. The variation of morphological characteristic of Zhangixalus thaoae sp. nov. IEBR A 5136 is the holotype, and
the two remaining samples are paratypes.

Other tree frogs that were found at the site were Polypedates sp., of the P. leu-
comystax species complex; Zhangixalus duboisi (Ohler, Marquis, Swan & Gros-
jean, 2000); Hyla annectans (Jerdon, 1870); and Gracixalus gracilipes (Bourret,
1937). Females, larval stages, and eggs of the new species are unknown.

Distribution. Zhangixalus thaoae sp. nov. is currently known only from the
type locality (Fig. 5). The species was recorded at an elevation of approximately
1,880 m a.s.l.

Conservation status. The new species is expected to be found in the ever-
green forest of Guangxi Province, southern China, because the terrain there
consists mostly of granite mountains, but in Yunnan Province, China, which
contains mostly limestone terrain, the species is not expected. However, the
geographic distribution of the species needs to be confirmed by further stud-
ies. Because there is a lack of information on the species’ abundance and dis-
tribution, we suggest that it be considered as Data Deficient following IUCN Red
List categories (IUCN 2023).
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Figure 4. Habitat of the new species in Y Ty Commune, Bat Xat District, Lao Cai Province A collection site with a small
puddle B the stream near the biotope of the holotype.
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Table 3. Measurements (in mm) of Zhangixalus thaoae sp. nov.

Number IEBR A 5136 IEBR A 5137 IEBR A 5138
Sex Male (holotype) Male Male
SVL 32.2 32.0 30.1
HW 121 11.7 12.8
HL 11.7 11.3 13.1
MND 9.5 9.8 10.8
MFED 7.5 7.2 10.6
MBED 3.8 4.5 4.1
SNL 5.4 5.1 5.4
ED 4.2 3.4 3.9
UEW 3.0 3.0 3.5
IND 3.1 3.9 4.0
10D 43 4.6 47
AED 7.0 7.1 7.5
PED 10.1 10.4 11.5
NS 3.1 2.8 3.2
EN 2.9 2.6 3.2
TYD 2.1 2.0 2.5
TED 1.0 1.2 1.4
Ua 6.2 6.1 7.0
Fa 14.6 16.1 16.6
F1 3.0 4.0 3.1
F2 4.2 52 5.4
F3 6.1 6.4 7.2
F4 4.8 5.7 5.3
FeL 13.3 13.2 14.0
ThL 13.9 13.9 14.0
Thw 3.4 3.1 33
FL 19.0 20.3 21.8
T1 3.6 5.0 4.5
T2 6.2 7.4 6.8
T3 9.2 10.3 10.7
T4 11.8 13.5 13.6
T5 10.0 10.9 11.3
IML 1.6 1.8 1.7
HW/HL 1.03 1.04 0.97
SNL/HW 0.44 0.43 0.43
NS/EN 1.08 1.07 0.99
ED/SNL 0.78 0.66 0.72
TYE/TYD 0.46 0.62 0.57
TYD/ED 0.50 0.59 0.64
HAL/FLL 2.36 2.64 2.37
TBL/TL 1.05 1.05 1.01

Comparisons. We compare Zhangixalus thaoae sp. nov. with other species
of Zhangixalus occurring in Vietnam and elsewhere.

The new species mostly resembles Z. yaoshanensis by the combination of the
following characteristics: head as long as wide in Zhangixalus thaoae sp. nov.
(HL/HW 0.96-1.02), posterior parts of thigh orange with a large black blotch,
ventral surface of tibia orange, iris red-bronze with black pupil in Zhangixalus
thaoae sp. nov. vs head wider than long (HL/HW = 0.83); posterior thigh surface
and ventral surface of tibia red-orange without spot, iris pale yellowish gold with
a network of fine dark gold reticulations in Z. yaoshanensis (Chen et al. 2018).
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Zhangixalus thaoae sp. nov. can be distinguished from other species in the
genus Zhangixalus by its smaller size (SVL 30.1-32.2 mm) vs SVL >50 mm in
the following species: 47.0-70.5 (Wilkinson and Rao 2004; Ohler 2009; Jiang
et al. 2016) in Z. burmanus; 68-92 mm (Fei et al. 2010) in Z. dennysi; 53.1-
67.2 mm (Ohler et al. 2000; Orlov et al. 2001; Ziegler et al. 2014) in Z. duboi-
si; 68=116 mm (Fei et al. 2010) in Z. feae (Boulenger, 1893); 77.9-85.8 mm
(Ninh et al. 2020) in Z. franki; 52-66 mm (Fei et al. 2010), 52-65 mm (Liu
1950) in Z. omeimontis; 74.2 mm (Luu and Calame 2014), 73.4-78.2 mm in
Z. pachyproctus (Yu et al. 2019); and 76.3—-79.6 mm in Z. smaragdinus (Yu et
al. 2019).

Zhangixalus thaoae sp. nov. can be distinguished from other Zhangixalus
species of a similar size in having a different coloration pattern: dorsum green
without blotches or spots in the new species vs light or dark green with many
white or brown spots or blotches in various sizes in Z. dugritei (David 1872; Li
et al. 2012a), Z. hongchibaensis (Li et al. 2012a), Z. hui (Liu 1945), and Z. wui
(Li et al. 2012a).

Zhangixalus arboreus has a green dorsum with numerous dark spots (Okada
and Kawano 1924), which is absent in Zhangixalus thaoae sp. nov.

Zhangixalus achantharrhena has a green dorsum, without spots, and a cream
venter, without the brown flecks of the new species (Harvey et al. 2002).

Zhangixalus arvalis has a white line along flanks, which is absent in Z. thaoae
sp. nov. (Lue et al. 1995).

Zhangixalus chenfui has a brown ventrum, with a dark-brown pattern, not
cream-colored, without a dark-brown pattern, as in Zhangixalus thaoae sp. nov.
(Liu 1945).

Zhangixalus dorsoviridis has cream flanks with many black blotches and the
anterior thigh is orange with some irregularly sized black circles (Bourret 1937)
(Figs 6C, D, 7C, D). In Z. thaoae sp. nov., the flanks are cream with one single
black spot and the posterior thigh is orange with a single large black blotch
(Figs 6A, B, 7A, B).

Zhangixalus dulitensis is pea-green dorsally with some white dots, the head
and back have purplish dots, there is purplish line from eye to eye around the
snout and passing through the nostrils, and there is reddish-brown patch on
each eyelid (Boulenger 1892; Haas et al. 2012). Zhangixalus thaoae sp. nov.
does not have this color pattern.

Zhangixalus jarujini has a reddish-brown dorsum with irregular dark-brown
markings, while Z. thaoae sp. nov. has a green dorsum without any markings.

Zhangixalus jodiae has black and orange blotches interposed on anterior,
posterior part of thighs and ventral surface of tibia (Figs 6E, F, 7E, F); Z. thaoae
sp. nov. does not have this color pattern, but rather a large, black blotch on an
orange background (Figs 6A, B, 7A, B).

Zhangixalus leucofasciatus exhibits a cream axilla without dark spots, in
contrast to a black blotch on the cream axilla of Z. thaoae sp. nov.; additionally,
Z. leucofasciatus possesses a white stripe along the upper lip, body and limbs,
a feature that is absent in Z. thaoae sp. nov. (Liu and Hu 1962; Fei et al. 2010).

Zhangixalus pinglongensis has flanks, anterior and posterior surfaces of the
thigh covered with black blotches and white spots (Mo et al. 2016). In contrast,
Z. thaoae sp. nov. lacks similar black blotches with white spots on its flanks,
anterior and posterior surfaces of the thighs.
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Figure 6. Dorsal and ventral views of three Zhangixalus species in life (except for F, which was immediately photographed
after the specimen was anesthetized) A, B Zhangixalus thaoae sp. nov. IEBR.A 5136 C, D Z. dorsoviridis VNMN 06156 E,
F Z. jodiae VNMN 07122.

oo 0 (Y
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Figure 7. Dorsal and ventral views of three Zhangixalus species in preservative A, B Zhangixalus thaoae sp. nov IEBR.A
5136 C, D Z. dorsoviridis VNMN 06156 E, F Z. jodiae VNMN 07122.
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Zhangixalus minimus is characterized by a dark-brown mottling pattern on
its hands and feet, which is absent in Z. thaoae sp. nov. (Rao et al. 2006).

Zhangixalus melanoleucus is whitish cream with an irregular black pattern on
the ventral surface of its thighs, shanks, dorsal surfaces of the feet and fingers
l, I, and 11l (Brakels et al. 2023). Meanwhile, in Z. thaoae sp. nov., the ventral
surface of the thighs, shanks, dorsal surfaces of the feet and fingers |, I, and IlI
are orange, without any irregular black pattern.

Zhangixalus moltrechti has a red-orange anterior and posterior thigh with mul-
tiple dark spots, while the thigh in Z. thaoae sp. nov. has an orange anterior with
no spots and an orange posterior with a single large blotch (Boulenger 1908; Fei
et al. 2010). Furthermore, the webbings of the foot in Z. moltrechti are red-or-
ange, with dark spots, while those in Z. thaoae sp. nov. are yellow with no spots.

Zhangixalus nigropunctatus has yellow flanks and posterior thigh with some
black blotches, in contrast to Z. thaoae sp. nov., in which the flank is cream-col-
ored and the posterior thigh is orange, both featuring a single black spot (Liu et
al. 1962; Fei et al. 2010). In Z. nigropunctatus, there is also a white stripe along
the flanks and limbs, separating the dorsal and ventral sides, which is a feature
that is absent in Z. thaoae sp. nov.

Zhangixalus schlegelii has flanks and groin without spots, while in Z. thaocae
sp. nov. these each have a large black blotch (Giinther 1858). A white stripe
along the flanks and limbs, separating the dorsal and ventral sides, is present in
Z. schlegelii but absent in Z. thaoae sp. nov. Furthermore, there is a prominent su-
pratympanic fold in Z. schlegelii, which is only weakly visible in Z. thaoae sp. nov.

Zhangixalus yinggelingensis has green dorsal head, body and limbs, adorned
with a small number of very fine white spots (Chou et al. 2007), which are ab-
sent in Z. thaoae sp. nov. In addition, the supratympanic fold in Z. yinggelingen-
sis is prominent, whereas it is weakly visible in Z. thaoae sp. nov.

Zhangixalus yunnanensis has greyish webbings and yellowish-brown iris, which
are respectively orange and red-bronze in Z. thaoae sp. nov. (Pan et al. 2024).
Furthermore, Z. yunnanensis exhibits a somewhat broader head (IND/IOD 0.96-1),
which is proportionally smaller relative to the body (HL/SVL 0.31-0.33) compared
to the head of Z. thaoae sp. nov. (IND/IOD 0.72-0.85, HL/SVL 0.37-0.43).

Zhangixalus zhoukaiyae has yellowish posterior thigh with irregular greyish
blotching, whereas the posterior thigh of Z. thaoae sp. nov. is orange without
spots. In Z. zhoukaiyae, the pupil is dark charcoal-grey and the iris is golden-yel-
low, while in Z. thaoae sp. nov. the pupil is black, and the iris is red-bronze (Pan
etal. 2017).

A more detailed comparison of morphological differences between Z. thaoae
and other members in the Z. chenfui group can be found in Table 4.

Discussion

Zhangixalus nigropunctatus was first recorded in Weining District, Guizhou
Province, China by Liu et al. (1962) in 1962. Based Orlov et al. (2001) study of
a series of specimens collected from Fan Si Pan Mountain, in the northern part
of the Hoang Lien Mountains, Sa Pa district, Lao Cai Province, they suggested
that Z. nigropunctatus might be a junior synonym of Z. dorsoviridis, a species
originally described by Bourret (1937) from Sa Pa District, Lao Cai Province,
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Vietnam. Li et al. (2012b) investigated the phylogenetic relationships of the
genus Rhacophorus sensu lato and showed that a specimen identified as Z.
nigropunctatus in the collection of Orlov et al. (2001; ROM 38011) was nested
in the same subclade as Z. nigropunctatus from China (Weining, Guizhou) (Pan
et al. 2024). Although the genetic distance between them was greater than 5%
and there was no specimen description, Orlov et al. (2001) concluded that both
Z. dorsoviridis and Z. nigropunctatus occur in Sa Pa, Lao Cai Province (see also
Pan et al. 2017).

The phylogenetic results of our study reveal that the specimen JX219427
from (ROM 38011; Orlov et al. 2001), which was originally classified as belong-
ing in the Z. nigropunctatus clade of Li et al. (2012b), is in fact Z. thaoae with a
genetic distance of only 0.19 compared with the three other newly found spec-
imens. Furthermore, Z. thaoae, Z. dorsoviridis, and Z. nigropunctatus show high
genetic distance of at least 5.5%. This large genetic distance makes it unlikely
that by using genetic data, the taxonomic assignment of a specimen into the
three aforementioned species can be confused. Although molecular data in-
dicates that ROM 38011 belongs to Z. thaoae, detailed morphological data to
support such assignment is not available; neither Orlov et al. (2001) nor Li et
al. (2012b) provided a detailed description of that specimen, and Orlov et al.
(2001) did not provide a figure of ROM 38011. However, Orlov et al. (2001),
noted that ROM 38011 had an “obviously darkened” median vocal sac which
differed from the other specimens they examined.

Overall, there is evidence that the specimen ROM 38011 had been misiden-
tified as either Z. dorsoviridis or Z. nigropunctatus and that Z. thaoae is a valid
new taxon. Based on our reclassification of ROM 38011 as Z. thaoae and lack
of other known records, we herein formally exclude Z. nigropunctatus from the
amphibian fauna of Vietnam. Zhangixalus nigropunctatus is only known from
Yunnan Province (Pingbian), Anhui Province (Yuei), Guizhou Province, (Wein-
ing and Leishan), and Hunan Province (Sangzhi and Chengbu), China (Li et al.
2012b; Pan et al. 2017, 2024).

In addition to the new species described in this paper, Nguyen et al. (2020)
previously described Z. jodiae and assigned earlier records of Z. dorsoviridis
from Ha Giang Province to Z. jodiae. Thus, two species belonging to the Z. chen-
fui group of green treefrogs, Z. jodiae and Zhangixalus thaoae, are currently
known from Vietnam.
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Abstract

Mastotermitidae, the first-diverging extant family of termites, has only one relic extant
species; however, this family had greater richness during the Mesozoic and Cenozoic
eras. Fossil termites from the Cretaceous provide information on the early evolution of
termites and the transition between extinct families. Herein, two new Mastotermitidae
species found in upper Cretaceous (Cenomanian) Kachin amber are reported. One is
a female imago described as Angustitermes reflexus gen. et sp. nov. and assigned to
the subfamily Mastotermitinae. The other is Mastotermes reticulatus sp. nov., which is
described from an isolated forewing. With the comparison especially of the antenna and
venation, these new mastotermitids further increase our knowledge of the diversity and
morphology of Mastotermitidae during the Mesozoic.

Key words: Fossil termites, Isoptera, Mastotermitidae, social insects, taxonomy

Introduction

Termites are social insects with the support of mutualistic protists or cellu-
lose-digesting bacteria (Breznak and Brune 1994; Sanderson 1996; Sugimoto
et al. 2000; Krishna et al. 2013a; Zhao et al. 2020, 2021). The enormous bio-
mass of termites largely contributes to the global carbon cycle, while occu-
pying an important ecological position in the biosphere (Tuma et al. 2020).
The rank of termites has been controversial. Inward et al. (2007) indicated
that the rank of termites should be a family, however, some termitologists
proposed to continue using “Isoptera” (Lo et al. 2007), and the current com-
promise is to use “epifamily Termitoidae” (Eggleton et al. 2007; Bignell et al.
2011; Xiao et al. 2012; Beccaloni and Eggleton 2013; Zhao et al. 2019) or
“infraorder Isoptera”.

As the first-diverging extant family in Termitoidae (Thompson et al. 2000;
Legendre et al. 2015; Bucek et al. 2019; Zhao et al. 2019), Mastotermitidae
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shares many characters with cockroaches, for example, a large anal lobe
in the hind wing and vestigial ootheca or egg pod (Nalepa and Lenz 2000;
Krishna et al. 2013a). The most obvious morphological differences from
other termite families are that the hind wings have large anal lobes and Sc,
R, Rs, and M veins are thick and more sclerotized than CuA. Mastotermitidae
was divided into two subfamilies, Mastotermitinae Desneux, 1904 and Idan-
otermitinae Engel, 2021, based on the presence or absence of ocelli (Jiang
et al. 2021).

Besides the sole relic species, Mastotermes darwiniensis Froggatt, 1897,
living in northern Australia and southern New Guinea (Froggatt 1897; Nalepa
and Lenz 2000; Engel et al. 2009), nine genera and 33 extinct species have
been documented. Among them, 21 species were documented from com-
pression fossils, one from Cretaceous deposits, and others from Cenozoic
deposits (e.g. Wappler and Engel 2006; Krishna et al. 2013b; Vrsansky and
Aristov 2014; Engel et al. 2015; Bezerra et al. 2020). In addition, 12 species
were reported in amber, among which seven species were reported from the
Cretaceous, including five species from Kachin amber (Zhao et al. 2019; Jou-
ault et al. 2021, 2022): Anisotermes bourguignoni Jouault, Engel, Huang &
Nel, 2022, Anisotermes xiai Zhao, Eggleton & Ren, 2019, Magnifitermes krish-
nai Jouault, Engel & Nel, 2022, Mastotermes monostichus Zhao, Eggleton &
Ren, 2019, Mastotermes myanmarensis Jouault, 2022, Milesitermes engeli
Jouault & Nel, 2021, one species from amber of Sagaing Region, Myanmar:
Mastotermes myanmarensis Jouault, 2022 (Jouault et al. 2022). One species
was described from France: Mastotermes sarthensis Schiliiter, 1989 (Schliiter
1989). The other five species were reported from the Cenozoic (Krishna and
Emerson 1983; Krishna and Grimaldi 1991; Nel and Bourguet 2006; Engel et
al. 2007; Engel 2008).

Materials and methods

The two specimens studied here were collected from amber mines located
in the Hukawng Valley in Kachin State of northern Myanmar. Determined by
U-Pb dating of Zircon, the deposit age of the amber mine was 98.79 + 0.62
Ma which means it comes from early Cenomanian of the upper Cretaceous
(Shi et al. 2012). The amber specimens involved in this study were acquired by
Mr Fangyuan Xia before 2015 and donated for this study in 2016. Both speci-
mens are deposited in the Key Laboratory of Insect Evolution and Environmen-
tal Changes, College of Life Sciences, Capital Normal University, Beijing, China
(CNUB, curator: Dong Ren).

The amber is cut and polished. The specimens are examined, measured,
and photographed with a Nikon SMZ25 microscope system. To help reduce
picture distortion caused by refraction and internal cracks, the amber was
placed in a properly sized crystallizing dish, with a proper amount of water,
and the capture angle and area of interest was adjusted when viewing; the
amber was affixed with plasticine when measurements and photographs
were taken.

All images are stacked using the software Helicon Focus v. 8 for better depth
of field. Simplified drawings were prepared using Adobe lllustrator CC and fur-
ther modified using Adobe Photoshop CC.
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Systematic paleontology

Family Mastotermitidae Desneux, 1904
Subfamily Mastotermitinae Engel, 2021

Genus Angustitermes Jiang, Z.Zhao & Ren, gen. nov.
https://zoobank.org/FA73A948-C6EE-43D2-86E9-09485B5F7970

Type species. Angustitermes reflexus Jiang, Z. Zhao & Ren, gen. et sp. nov.
(Figs 1-3).

Etymology. Angusti- is a Latin adjective, reflecting the fact that the medial
field of this genus is narrow, and termes is the usual noun for the generic name
in Termitoidae. The gender is masculine.

Diagnosis. Imago: ocelli oval; fontanelle absent; Y-suture absent; mandibles
not exceeding labrum; antenna moniliform with 22 articles; compound eyes lying
in middle position on head; pronotum saddle-shaped. Wings heavily reticulated,
with “cross-veins” present. Forewing: scale large, overlapping hind wing base,
humeral suture convex; all major veins origin in scale; veins Sc, R, R, Rs, and
M more pigmented than CuA; Sc simple; Rs with about three main branches, ter-
minating on costal margin anterior to wing apex; radial field narrow, parallel to
costal margin; M closer to Rs than CuA, lying more or less parallel to Rs as a
simple vein for the greater part of its length, first branching in apical 1/5 of wing
length, medial field narrow, encompassing wing apex; CuA branched, lying above
the mid-longitudinal line of wing; CuP (claval suture) arched, meeting basal suture
before posterior margin. Hind wing: basal suture not visible, large anal lobe pres-
ent. Legs: tibial spines of all legs present; tibial spur formula 3—4-4; tarsi pentam-
erous; arolium present. Abdomen: cerci short, trimerous; abdominal styli absent.

Remarks. Based on the sclerotized vein M, presence of the anal lobe, sad-
dle-shaped pronotum, pentamerous tarsi, etc., Angustitermes gen. nov. is con-
sidered to belong to the Mastotermitidae and is assigned to the subfamily
Mastotermitinae because of the ocelli (Fig. 1C). Besides the new genus and
Mastotermes, there are two other genera in Mastotermitinae: Garmitermes
Engel, Grimaldi & Krishna, 2007 and Magnifitermes Jouault, Engel & Nel, 2022.
Termites in both Angustitermes gen. nov. and Garmitermes have a rounded
head, but unlike Angustitermes gen. nov., Garmitermes has 26 antennal arti-
cles, the arolium is greatly vestigial or absent, and the tibial spur formula of
Garmitermes is 3—5-4 (Engel et al. 2007). Both Angustitermes gen. nov. and
Magnifitermes have arolium, and their tibial spur formula is the same. However,
the shape of the head of Magnifitermes is relatively long and with about 28 an-
tennal articles (Jouault et al. 2022). Although in different subfamilies, Angusti-
termes gen. nov. and Anisotermes share many similarities, such as the rounded
head and the tibial spur formula. However, the M vein of Anisotermes is located
halfway between Rs and CuA, and the first inferior branch of the M vein on the
hind wings gradually fades away, ultimately terminating in the center of the hind
wings of Anisotermes (Zhao et al. 2019; Jouault et al. 2022).

The major feature of Angustitermes gen. nov. is that the M vein is a simple
vein for the greater part of its length, first branch branching in the apical 1/5 of
wing length, and the medial field is narrow (Fig. 2B). The simple M and narrow
medial field of Angustitermes gen. nov. is similar to Blattotermes Riek, 1952.
However, Angustitermes gen. nov. has sparser veins than Blattotermes; the
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branches of R and secondary branches of CuA are fewer, and tertiary branch is
absent; its forewings are much shorter, so that the difference in wing lengths
between these two genera is more than 10 mm. Besides, the specimen of the
new Angustitermes species is from the upper Cretaceous while the three Blat-
totermes species are from the Cenozoic: Blattotermes neoxenus Riek, 1952 and
Blattotermes wheeleri (Collins, 1925) are from Eocene, and Blattotermes mas-
siliensis Nel, 1986 is from Oligocene (Collins 1925; Riek 1952; Nel 1986; Thorne
et al. 2000; Krishna et al. 2013b).

Angustitermes reflexus Jiang, Z.Zhao & Ren, gen. et sp. nov.
https://zoobank.org/A0343631-5430-4D81-9F18-F3E5AECB4071
Figs 1-3

Type material. Holotype. Myanmar * Imago@; Kachin State, Hukawng Valley;
one imago (abdomen fragmentary); Kachin amber; CNU-TER-BU-2017005
(Figs 1-3).

<. Maxillary
palp

Basal
suture

Figure 1. Photographs and drawing of Angustitermes reflexus gen. et sp. nov., holotype specimen CNU-TER-BU-2017005
(female imago) A habitus (dorsal view) B drawing of habitus (dorsal view) C head in dorsal view D head in ventral view
E cerci in dorsal view. Scale bars: 4.0 mm (A, B); 1.0 mm (C); 0.5 mm (D); 0.2 mm (E).
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Figure 2. Photograph and drawing of Angustitermes reflexus gen. et sp. nov., holotype specimen CNU-TER-BU-2017005
(female imago) A habitus (ventral view) B partial reconstruction with wings unfolded. Scale bars: 4.0 mm (A); 4.0 mm (B).

Etymology. The specific name, reflexus, means “fold”, which is in reference
to the fact that the right forewing and right hindwing of the holotype are folded.
The gender is masculine to match gender of the genus.

Locality. The specimen was collected from the upper Cretaceous (Ceno-
manian) deposits of the Hukawng Valley, Kachin State, northern Myanmar.

Diagnosis. As for the genus.

Description. Imago: head length 3.38 mm, width 2.99 mm (excluding sizes of
compound eyes), with sparse setae; labrum sclerotized, connecting to antecly-
peus, width longer than length, anterior margin with short setae; apical tooth of
mandibles not reaching the apex of labrum, first marginal tooth and apical tooth
of left mandible divided in acute angle, other marginal teeth not visible; width of
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%Arolium

Figure 3. Drawings of Angustitermes reflexus gen. et sp. nov., holotype specimen CNU-TER-BU-2017005 (female imago)
A drawing of habitus (ventral view) B-D drawings of femur, tibia, tarsi, arolium and claw of left hind leg, mid-leg and fore-
leg, respectively E drawing of head in dorsal view. Scale bars: 4.0 mm (A); 0.5 mm (B, C, D); 2.0 mm in (E).

anteclypeus and postclypeus much longer than length; antenna with 22 articles;
compound eyes hemispheric, slightly flat, diameter about 0.67 mm, lying on the
middle position of the head, ommatidia diameter about 0.02 mm. Pronotum pi-
lous, width about 3.35 mm, centraxonial length 1.97 mm, almost breaking away
from the head. Wings long and broad with apex rounded, length 13.91 mm (ex-
cluding forewing scale), scale length 2.17 mm, wing width 5.02 mm; reticulated
veins obviously pigmented among radial field and medial field, basal 5/8 of right
hind wing hidden under right forewing. Forewing: scales with sparse setae, hu-
meral margin convex, with weakly arched lobe present, basal suture curved; Sc
simple, terminating on basal quarter of wing length; R with two branches in scale,
terminating along anterior wing margin at half wing length; Radial field occupy-
ing about 1/8 wing area, left forewing with four branches, first branching at basal
1/3 of wing length, right forewing with three branches, first branching at basal
1/4 of wing length; M with two branches, branching at apical 1/5 of forewing;
right CuA first branching in scale, occupying about 3/4 right forewing with three
main branches, the branch near M vein branching at 1/2 of the wing length, the
next branch branching near the middle of the wing to the base, and the branch
near posterior margin branching in scale. Hind wing: basal suture not visible;
large anal lobe present; left Rs with two branches branching from M at base; M
with three branches. Legs: different degrees of damages to the legs, the left pro-
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tarsus not preserved and the distal part of protibia not visible, the right mesotro-
chanter expanded and ruptured, and the large area of the left metacoxa broken;
tibial spurs and spines not serrated. Abdomen: abdomen fragmentary, some of
the detached abdominal segments can be observed, including the distal abdom-
inal segments with a pair of cerci. Cerci trimerous; abdominal styli absent.

Genus Mastotermes Froggatt, 1897

Mastotermes reticulatus Jiang, Z. Zhao & Ren, sp. nov.
https://zoobank.org/E9A4A732-D930-4B28-B22E-41507EA2C357
Fig. 4

Type material. Holotype. Myanmar + Kachin State, Hukawng Valley; forewing
(margin partly missing) only; Kachin amber; CNU-TER-BU-2017006 (Fig. 4).

Etymology. Latin, reticulatus, meaning “reticulate”, which is in reference to
the well-developed and clearly recognizable reticulated veins of holotype.

Figure 4. Photograph and drawing of Mastotermes reticulatus sp. nov., holotype specimen CNU-TER-BU-2017006 (isolat-
ed forewing) A photograph of forewing B drawing of forewing (with upturned part flattened). Scale bar: 1.0 mm (A, B).
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Locality. The specimen was collected from the upper Cretaceous (Ceno-
manian) deposits of the Hukawng Valley, Kachin State, northern Myanmar.

Diagnosis. Forewing: wing length (excluding forewing scale) about three
times as long as wide; forewing scale large; heavily reticulated, irregular bilayer
structure in M and CuA, cross veins between Rs and M obvious; Sc, R, Rs, and
M thickened, strongly sclerotized and obviously pigmented; Sc and R, simple
and short; Rs with seven or eight branches, with secondary branches, running
parallel to costal margin; M with six branches, first branch of M arising at fore-
wing mid-length, secondary branches present, medial field encompassing wing
apex, angle of branches and main vein gradually increasing.

Description. Forewing: forewing length (excluding forewing scale) 13.2 mm,
width about 4.7 mm; suture length about 2.3 mm, strongly arched, making a
sharp angle with posterior margin; distal costal margin slightly missing, pos-
terior margin partially missing because of abrasion of the amber; base of cos-
tal margin rolled up, making the Sc and R poorly visible; Sc length 1.0 mm; R,
length 2.0 mm, Rs with eight branches; M slightly closer to Rs than to CuA,
encompassing wing apex, six branches visible, angle of branches and main
vein gradually increasing, so that branches terminate closely on margin, first
branch of M arising at forewing mid-length, second branch arising at about
distal third of forewing length, and base of third branch close to fourth branch
with secondary branch.

Remarks. The forewing of Mastotermes reticulatus sp. nov. is similar to that
of Mastotermes monostichus Zhao, Eggleton & Ren, 2019, but there are some
differences; the Sc, R, and Rs of Mastotermes reticulatus sp. nov. are closer, and
there are fewer secondary branches, which makes the Rs veins parallel to the
costal margin, instead of gradually narrowing as in M. monostichus. Compared
with M. monostichus, the M vein of M. reticulatus sp. nov. is even more irregular
and with fewer branches (Fig. 4). These different characteristics indicate that
they are not the same species.

Discussion

The number of antennal articles in Angustitermes reflexus gen. et sp. nov. is only
22 (Fig. 2B), which is fewer than in most mastotermitids, especially the range
of 29-32 of the extant Mastotermes darwiniensis (Krishna et al. 2013a), even
though the antennae of many fossil termites are incompletely preserved. Anoth-
er mastotermitid, Mastotermes minutus Nel & Bourguet, 2006 (Nel and Bourguet
2006), which was described from Early Eocene amber of Oise (France), has the
fewest antennal articles, with only 20. Other mastotermitids that have been re-
ported with complete antennae have more than 24 antennal articles. In addition
to the antennae and the synapomorphies of mastotermitids, there are many
similarities between Mastotermes minutus and Angustitermes reflexus gen. et
sp. nov.: an ocellus is present, which indicates that they belong to the same sub-
family; M of the hind wing branches from Rs, close to the wing scale; meso- and
metatibiae have at least three lateral spines; tibial spurs are 3—4-4; and an aroli-
um is present. However, these species also have some differences: the M vein
of Angustitermes reflexus gen. et sp. nov. is closer to Rs than Cu (Fig. 2B), while
the M vein of Mastotermes minutus is closer to Cu than to Rs. In terms of geo-
logical time, the number of antennal articles within Mastotermitidae seems to
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change from many (plesiomorphic state) to few and then back to many. Further
phylogenetic analysis with more fossil mastotermitids may clarify the specific
trend of the evolution of the number of antennal articles in Mastotermitidae.
The sclerotized vein M of the forewings in Angustitermes reflexus gen. et sp.
nov. are relatively simple, with only two branches and the medial fields, locat-
ed in the anterior third, compressed. Concurrently, the distal-most branches of
CuA, which end at the wing apex, are also thick and sclerotized, similar to M,
and stronger than the other branches of CuA (Figs 2, 3A). This is opposite in the
wings of Mastotermes reticulatus sp. nov., Anisotermes xiai, and Mastotermes
monostichus, which have multibranched M in the forewing, with the basal-most
branches gradually tapering and unsclerotized. Mastotermitids share a synapo-
morphy: the Sc, R, Rs, and M veins are thicker and much sclerotized than CuA
(Engel et al. 2009; Zhao et al. 2019). The synapomorphy tends to indicate the
overall degree of sclerotization present in each vein, and some branches with
different locations may show different degrees of thickness and sclerotization.
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Abstract

Identification of fruit fly larvae is difficult due to the limited morphological characteris-
tics present. However, this is the stage at which fruit flies are intercepted at ports of en-
try through horticultural imports. Molecular tools are useful but are time-consuming and
expensive compared to morphological identifications. This project aims to use available
information from the literature and our own research to build a multi-entry identification
key for thirteen tephritid species and species groups that are of economic concern for
the European Union. Third-instar larvae were obtained from different regions and hosts.
Thirteen species or representatives of species groups were obtained, including Ceratitis,
Dacus, Bactrocera and Zeugodacus spp. The cephalopharyngeal skeletons were dissect-
ed out, cleared in a 10% NaOH solution, dehydrated and mounted in Euparal on glass
slides. Images of at least 20 larvae/species were captured using a compound micro-
scope fitted with a camera. Measurements were taken of the mounted mandibles and
the number of tubules and their position in the anterior spiracles in relation to the ce-
phalic skeleton were noted. Differences between morphometric parameters were tested
via ANOVA and verified using discriminant function analysis. A matrix was compiled
including nine characters for which significant inter-specific differentiation was prelimi-
narily detected. The key was converted into a mobile application by LuclID.

Key words: Identification tool, interactive key, larvae, LuclID, mandible

Introduction

The family Tephritidae has more than 4000 species distributed globally (White
and Elson-Harris 1992). The larvae of about 35% of the species attack fruit,
including horticultural crops of economic importance (White and Elson-Harris
1992). Fruit flies are among the most destructive pests of these crops and are
of quarantine importance for export markets (Ekesi et al. 2006, 2016). As the
larvae feed inside fruit, this is the life stage detected during inspection for im-
port or export. However, larvae are difficult to identify morphologically (Frias et
al. 2008; Dutra et al. 2012). In the absence of an identification tool to identify
the larvae rapidly and quickly, the consignments are usually rejected.
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The majority of the thirteen species studied here are at risk of being inter-
cepted when entering Europe through imported fruit, namely, Ceratitis rosa s.l.
Karsch (Natal fruit fly), Ceratitis cosyra (Walker) (Mango fruit fly), Bactrocera
dorsalis (Hendel) (Oriental fruit fly), Zeugodacus cucurbitae (Coquillett) (Melon
fruit fly) and Bactrocera zonata (Saunders) (Peach fruit fly). All are considered
potential quarantine pests for the European Union (EU) and are listed as such
in the Commission Implementing Regulation 2019/2072 and amending Imple-
menting Regulation 2021/2285. In addition, B. dorsalis and B. zonata have also
been included in the list of priority pests in EU regulation 2019/1702. Zeugo-
dacus cucurbitae, Bactrocera minax (Enderlein) (Chinese citrus fly), Bactrocera
tryoni (Froggatt) (Queensland fruit fly), B. dorsalis and C. rosa are listed as A1
quarantine pests in the European and Mediterranean Plant Protection Organiza-
tion (EPPO) countries (EPPO 2022a). Bactrocera zonata, Ceratitis capitata (Wie-
demann) (Mediterranean fruit fly) and Dacus ciliatus Loew (Ethiopian fruit fly)
are listed on the A2 EPPO list (EPPO 2022b). Zeugodacus tau Walker (Pumpkin
fruit fly) is mainly a pest of Cucurbitaceae and occurs in Asia and Oceania (Ja-
leel et al. 2018). Guava and Mango are the main hosts for Bactrocera correcta
(Bezzi) (Guava fruit fly), which occurs mainly in Asia (Liu et al. 2019).

Being able to make a correct identification of insect species in the shortest
possible period of time is essential to comply with international biosecurity
measures, since not all species are of quarantine importance in all countries
(Boykin et al. 2012). Several keys for the identification of adult specimens are
available (White and Elson-Harris 1992; Virgilio et al. 2014). Descriptions of
larvae of some species are given by White and Elson-Harris 1992, but other
authors give more detailed descriptions of the larvae of some species (El-
son-Harris 1988; Carroll and Wharton 1989; Carroll 1998; Carroll et al. 2004
onwards; Frias et al. 2008; Lasserre et al. 2009; Steck and Ekesi 2015; Balmes
and Mouttet 2017; Dutra et al. 2018a, b; Kamayev et al. 2020; Rodriguez et al.
2021). However, this information is not always easy to access, and the keys are
difficult to follow unless specialized expertise is available.

The presence or absence of a preapical tooth on the mandible can be used as
a distinguishing characteristic in a taxonomic key, but since the characteristics
of the mouthparts of tephtritid species are not known for all species, it could be
a controversial character to use. White and Elson-Harris (1992) state that the
preapical tooth is absent in third-instar larvae of C. capitata, while Carroll et al.
(2004) indicate that it might be present in only some specimens. The presence
of a preapical tooth on the mandibles is also variable according to Steck and
Ekesi (2015), while Balmes and Mouttet (2017) use the presence/absence of the
preapical tooth as a diagnostic characteristic in their key. Kamayev et al. (2020)
argue that the preapical tooth is too variable to use as a taxonomic characteristic.

According to Pieterse et al. (2017), the shape of the mandibles of fruit fly
larvae of B. dorsalis, C. capitata, C. rosa s.s. and C. cosyra can be used to dis-
tinguish between the third-instar larvae of the species studied. Since shape
analysis (which was used in the aforementioned article) is an involved process
not suitable for use in a routine diagnostic laboratory, a set of measurements of
the cephalic skeleton of third-instar tephritid larvae was designed in the current
study that can be used in a robust taxonomic multi-entry key.

Lucid® (https://keys.lucidcentral.org/search/) was developed at the Univer-
sity of Queensland (Norton et al. 2000) and is a multimedia identification and
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training tool. It is a multi-entry key, as opposed to a traditional dichotomous key,
making it more user-friendly for scientists who do not have expert knowledge
of the taxonomy of Tephritidae larvae. Multi-entry keys allow the user to choose
the characteristics they want to use based on the availability of characters on
each specimen. The characters used are also illustrated or imaged for ease of
reference. Multi-entry keys have been developed using the LuclD platform for
adult fruit flies, such as the keys to African frugivorous flies by Virgilio et al.
(2014) and the key to adult fruit flies of Bactrocera and related genera devel-
oped by Doorenweerd et al. (2022).

Multi-entry keys have several benefits over molecular identification tools,
namely, they are more accessible and cost-effective; they can be used any-
where without specialised equipment, and the answer is obtained quickly. The
key developed here is converted into a mobile application by LuclID, for both
Android and Apple devices, making it freely available. Multi-entry keys can, fur-
thermore, be used on specimens that are too degraded to be used for DNA
analysis. Larval mouth hooks are heavily sclerotized and can still be used even
when a specimen is degraded. The aim of the key is to provide a practical iden-
tification tool for third-instar fruit fly larvae that are commonly intercepted in
the EU.

Materials and methods

Preparation of slides. Larvae from 13 species were obtained from colonies
from various laboratories around the world and were preserved in 70% ethanol.
The heads of the larvae were cut off and cleared by heating in 10% NaOH. The
cephalopharyngeal skeletons (Fig. 1) of the larvae of all species were removed,
dehydrated with alcohol (70-100%) and mounted in Euparal (Agar Scientific)
on glass slides. Images of the slides were captured using a Zeiss compound
microscope (MZ 16A) fitted with an Axiocam digital camera (DFC 295). Mea-
surements were taken using ZEN imaging software from the Zeiss MZ 16A.

Fig. 2 shows the various measurements for parameters without (Fig. 2A) and
with (Fig. 2B) a preapical tooth.

Images of the cephaloskeleton and anterior spiracles of ten larvae per species
were taken in the same way. The position of the anterior spiracles in relation to
the cornua and the number of tubules were recorded for each species (Fig. 3).

Data analysis

Discriminant function analysis with classification functions was carried out to
statistically allocate the specimens to the species studied using the record-
ed mandible measurements in Statistica v. 14.1.0 (TIBCO Software Inc, Palo
Alto, CA, USA). Measurements for all the specimens of the same species were
pooled for these analyses.

Results and discussion

A total of 873 mandibles from thirteen species were mounted on slides and
examined (Table 1). The raw data of all measurements are listed in the Suppl.
material 1.
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VA

Figure 1. Cephalopharyngeal skeleton of 3 instar larva, lateral view. Region of interest circled. Abbreviations used in
LuclD key: AT = Apical Tooth; DA = Dorsal Apodeme; DS = Dental Sclerite; MD = Mandible; MN = Mandibular Neck;
PT = Preapical Tooth; VA = Ventral Apodeme (from: Frias et al. 2006).

A B

Figure 2. A, B Images of a typical tephritid mandible indicating the areas measured. Image (A) indicates the measure-
ments for the mandibles without a preapical tooth and (B) indicates the measurements for the mandibles where the
preapical tooth is present. Measurements are as follows for A: (a) the distance between the dorsal apodeme and the
ventral apodeme; (b) the ventral angle between the apical tooth and the ventral apodeme; (c) the distance between the
ventral apodeme and the apical tooth; (d) the distance between the dorsal apodeme and the apical tooth. Measurements
are as follows for B: (a) the distance between the dorsal apodeme and the ventral apodeme; b) the distance between
the ventral apodeme and the preapical tooth; (c) the distance between the apical tooth and the preapical tooth; (d) the
distance between the ventral apodeme and the apical tooth; (e) the distance between the dorsal apodeme and the apical
tooth. Measurements were recorded in pm (distances) and degrees (angles).

We did not see a prominent preapical tooth in any of the mandibles of C. cap-
itata third-instar larvae that we examined, so we used the presence/absence
of the preapical tooth as one of the distinguishing characteristics in the key.
The characteristics and measurements (Table 2), as well as the geographical
distribution, the number of tubules and the position of the anterior spiracles in
relation to the cornua, were used to compile a LuclD key that can be used to
identify the third-instar larvae of the species listed in Table 1.
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Figure 3. Lateral view of the cephaloskeleton and anterior spiracles of Bactrocera correcta indicating the position of the
front spiracles in relation to the cornua (left) and image of the anterior spiracle of Bactrocera dorsalis showing 9 tubules

(right).

Table 1. Species, origin, and sample size of mandibles used to develop a multi-entry key of tephritid larvae of economic
importance to the European Union.

Species Origin r:lumber of
mandibles measured

Bactrocera correcta IAEA Vienna colony 51
Bactrocera dorsalis Quarantine Station Stellenbosch colony 18
Bactrocera dorsalis Atomic Energy Research Establishment Baipayl, Bangladesh colony 13
Bactrocera dorsalis IAEA Vienna colony 24
Bactrocera dorsalis CRI Nelspruit South Africa colony 24
Bactrocera dorsalis University of Pretoria colony 20
Bactrocera minax Changsa, Hunan, China colony 17
Bactrocera oleae IAEA Vienna, colony 29
Bactrocera oleae Madrid, Spain, olives 18
Zeugodacus tau IAEA Vienna, colony 20
Zeugodacus tau Atomic Energy Research Establishment Baipayl, Bangladesh, colony 22
Bactrocera tryoni Queensland University of Technology, Brisbane, Australia, colony 16
Bactrocera tryoni IAEA Vienna, colony 37
Bactrocera zonata The “Israel Cohen” Institute for Biological Control, Yehud-Monosson, Israel, colony 24
Bactrocera zonata Atomic Energy Research Establishment Baipayl, Bangladesh, colony 18
Bactrocera zonata IAEA Vienna, colony 14
Bactrocera zonata CIRAD La Réunion, colony 45
Ceratitis capitata The “Israel Cohen” Institute for Biological Control, Yehud-Monosson, Israel, colony 19
Ceratitis capitata Plant Quarantine Station, Stellenbosch, South Africa, colony 21
Ceratitis capitata CRI Nelspruit South Africa, colony 11
Ceratitis capitata Citrus, Plant Quarantine Station, Stellenbosch, South Africa 4

Ceratitis capitata Nectarine, Plant Quarantine Station, Stellenbosch, South Africa 8

Ceratitis capitata CIRAD La Réunion colony 19
Ceratitis capitata Greece, Bitter orange 11
Ceratitis capitata CIRAD La Réunion, wild host 18
Ceratitis cosyra CRI Nelspruit South Africa colony 74
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Species

Ceratitis quilicii
Ceratitis rosa

Dacus ciliatus

Dacus ciliatus
Zeugodacus cucurbitae
Zeugodacus cucurbitae
Zeugodacus cucurbitae

Origin Number of
mandibles measured
CRI Nelspruit South Africa colony 63
CRI Nelspruit South Africa colony 67
Piketberg, South Africa, Pumpkin 19
Eduardo Mondlane University, Maputu, Mozambique, Cucumber 20
Atomic Energy Research Establishment Baipayl, Bangladesh colony 30
IAEA Vienna colony 20
CIRAD La Réunion colony 14

Table 2. Average, minimum, and maximum distances (um) and angles (°) that were used to compile the LucID key for
thirteen species of fruit fly larvae of economic importance to the European Union.

Distance a (um)
Angle b (°)

Distance ¢ (um)
Distance d (um)

Distance a (um)
Angle b (°)

Distance ¢ (um)
Distance d (um)

Distance a (um)
Distance b (um)
Distance ¢ (um)
Distance d (um)
Distance e (um)

Distance a (um)
Distance b (um)
Distance ¢ (um)
Distance d (um)
Distance e (um)

Bactrocera dorsalis

Prominent preapical tooth absent

Bactrocera zonata Ceratitis capitata Bactrocera oleae

168 (144-195)
102 (87-117)

174 (146-214)
279 (241-326)

Bactrocera tryoni

156 (139-169)
107 (96-116)

156 (144-172)
242 (222-262)
Ceratitis rosa

149 (134-167)
107 (96-119)

73 (65-84)
149 (132-171)
233 (202-257)
Dacus ciliatus
169 (153-188)
109 (93-121)
47 (40-60)

148 (129-164)
250 (230-267)

156 (131-171)
107 (96-129)
152 (128-180)
252 (203-329)
Bactrocera correcta
148 (132-161)
106 (77-120)
157 (134-188)
257 (232-285)
Ceratitis quilicii
161 (147-179)
98 (86-110)
74 (64- 79)
148 (127-160)
241 (221-265)
Zeugodacus tau
198 (169-224)
139 (112-160)
92 (83-101)
190 (167-211)
315 (279-357)

~|~l~l~

141 (130-154)
103 (94-116)
130 (113-151)
213 (186-236)
Bactrocera minax
278 (253-301)
110 (101-121)
282 (265-303)
424 (398-456)
Ceratitis cosyra
151 (138-168)
96 (82-106)
79 (69-90)
149 (132-146)
239 (212-263)

133 (113-151)
103 (93-120)
115 (96-132)

194 (152-215)

Zeugodacus cucurbitae
194 (163-223)
135 (105-169)
85 (64-102)
186 (150-225)
299 (245-340)

Bactrocera zonata, B. tryoni and B. correcta could not be identified reliably

without including distribution data as well as the position of the spiracle, in-
dicating a percentage correct identification of below 61% based on the dis-
criminant function analysis (Table 3). Bactrocera correcta was misidentified as
B. zonata in 27% (14 out of 54) of cases, while B. zonata was only identified
correctly in 56.43% of cases, often being confused with B. correcta and B. tryoni
(Table 3). However, if the position of the spiracle relative to the cornua was in-
cluded, B. correcta could be distinguished from B. tryoni and B. zonata. Ceratitis
rosa and C. quilicii can be identified with more than 75% certainty based on the
distance between the dorsal apodeme and the ventral apodeme as well as the
distance between the ventral apodeme and the apical tooth (Table 4). Overall,
it was found that species with a secondary tooth were identified with more
accuracy than those without.
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Table 3. Classification matrix of the species where a secondary tooth is absent on the mandibles. Rows: Observed clas-
sifications; Columns: Predicted classifications.

Species

Bactrocera dorsalis (Bd)
Ceratitis capitata (Cc)
Bactrocera zonata (Bz)
Bactrocera oleae (Bo)
Bactrocera tryoni (Bt)
Bactrocera correcta (Bc)
Bactrocera minax (Bm)
Total

Percent
Correct p-value Bd Cc Bz Bo Bt Bc Bm
93.12 0.2985 149 0 4 0 0 7 0
97.19 0.1996 0 104 1 1 0
56.43 0.1884 6 10 57 0 14 14 0
80.85 0.0877 0 9 0 38 0 0 0
49.06 0.0989 0 1 25 0 26 1 0
60.78 0.0951 5 1 14 0 0 31 0
100 0.0317 0 0 0 0 17
78.73 160 125 101 39 40 54 17

Table 4. Classification matrix of the species where a secondary tooth is present on the mandibles. Rows: Observed clas-
sifications Columns: Predicted classifications.

Species

Ceratitis rosa (Cr)

Ceratitis quilicii (Cq)
Ceratitis cosyra (Cc)
Zeugodacus cucurbitae (Zc)
Dacus ciliatus (Dc)
Zeugodacus tau (Zt)

Total

Percent P-value Cr Cq Cc Zc Dc Bt
Correct
94.03 0.1988 63 3 1 0
79.36 0.1869 6 50 7 0
66.13 0.1840 9 12 41 0 0
75 0.1899 0 3 0 48 0 13
100 0.1157 0 0 39
76.19 0.1246 0 0 0 10 0 32
81.01 78 68 49 58 39 45

Balmes and Mouttet (2017) combine morphological characteristics including
the presence of a preapical tooth, the number of tubules in the anterior spiracle
and the number of oral ridges in their key. We found that it was difficult to con-
sistently produce slide-mounted mandibles of high enough quality to see all the
characteristics used. In their description of the third-instar larvae of members of
the Ceratitis FAR complex, Steck and Ekesi (2015) relied on electron microscope
images, which are not practical for use in a routine diagnostic laboratory. Frias et
al. (2006, 2008) also used electron microscope images to visualise some char-
acteristics. The multi-entry key published by Carroll et al. (2004 onwards) uses
a combination of characteristics that can be observed using a dissection micro-
scope, slides prepared for visualising using a compound microscope and slides
prepared to visualise using scanning electron microscopy (SEM). Using this key
requires access to an SEM and specialist knowledge of larval morphology.

The LuclD key was transformed to an app that can be downloaded from Goo-
gle Play store (for Android) or Apple App store (for Apple phones). https://play.
google.com/store/apps/details?id=com.lucidcentral.mobile.lucid.fruit_fly_lar-
vae&hl=en-US&ah=RArn8-TSJV3KC1m-QBBa0Vfcz7s.

This is the first time a multi-entry key for tephritid larvae of economic signifi-
cance has been developed in app format. While the characters rely mostly on mea-
surements, it does require some knowledge of how to prepare the mouthparts so
that measurements of specific distances can be made. However, it will be a valu-
able tool for enabling non-molecular identifications of fruit fly larval pests in fruit.
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Abstract

We describe for the first time, the larvae of Cybister (Cybister) lewisianus Sharp, 1873,
an endangered species of diving beetle in Japan, emphasizing the chaetotaxy of the
cephalic capsule, head appendages, legs, last abdominal segment, and urogomphi.
Cybister lewisianus larvae are characterized by a longer third article of antenna 3 than
the sum of the first and second articles; rounded apex of parietal setae 1-3; labium seta
8 absent; elongated trochanter seta 4, not multi-branched; rounded apex of abdominal
setae 1, 12, and 13 (instar I); narrow lateral projections of the frontoclypeus; pronotum
without two dark-brown longitudinal stripes dorsally (instar IIl); and the base of the thick
row of small setae on the inner edge of the mandible angulate and projecting medially
(all instars).

Key words: Chaetotaxy, diving beetle, larval morphology, larval stage, Red List, water beetle

Introduction

Compared to adults, coleopteran larvae lack morphological information (Ham-
mond et al. 2019). This trend is also present in Dytiscidae, in which information
on larval morphology is generally limited (Alarie and Michat 2023). A nomencla-
ture system of Dytiscidae larval chaetotaxy was developed to provide a detailed
description and comparison of their larval morphology and to allow for phylo-
genetic analysis (Alarie and Michat 2023). Particularly, primary sensilla (setae
and pores) have been important for the diagnosis and study of phylogenetic
relationships among the species (Michat et al. 2017).

The genus Cybister Curtis, 1827 includes large diving beetles (adult length:
13-43 mm) and belongs to the subfamily Cybistrinae (Miller and Bergsten
2016). Cybister includes 97 species and is distributed in all major biogeograph-
ic regions (Miller and Bergsten 2016; Nilsson and Hajek 2023). Seven species
are distributed in Japan (Nakajima et al. 2020; Watanabe and Yoshitomi 2022),
and six of these species (approximately 86%) are on the national Red List and
are threatened with extinction (Ministry of the Environment of Japan 2020).

Knowledge of the larval morphology of Cybister is particularly scarce in com-
parison to that of other diving beetle groups (Miller et al. 2024). Laboratory
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experiments and field research have gradually unraveled their larval feeding
habits in detail (e.g., Ohba 20093, b; Ohba and Inatani 2012; Yamasaki et al.
2022; Fukuoka et al. 2023). Contrastingly, although the characteristics of lar-
vae of some species have been described (Wilson 1923; Kamiya 1938; Fiori
1949; Morioka 1953; Nakagawa 1954; Fukuda et al. 1959; Watts 1964; Larson
et al. 2000; Kamite 2008), information about the larval morphology of only four
species can be found, i.e., Cybister fimbriolatus (Say, 1823), C. lateralimarginalis
(De Geer, 1774), C. tripunctatus (Olivier, 1795) and C. sugillatus Erichson, 1834
(Michat 2010; Michat et al. 2015, 2017; Miller et al. 2024).

Cybister lewisianus Sharp, 1873 (adult length 21-26 mm) is listed as “Crit-
ically Endangered” on the Japanese Red List (Ministry of the Environment of
Japan 2015) and is designated a “nationally endangered species of wild fauna
and flora” by the Japanese “Conservation of Endangered Species of Wild Fau-
na and Flora” Act (Ministry of the Environment of Japan 2022). Identifying the
larvae of Japanese Cybister to species level is challenging due to their similar
body shape and length. They have not been described in detail, and morpholog-
ical information is limited to third-instar larvae (Ichikawa 1984; Kamite 2008;
Mitamura et al. 2017). Recently, Inoda et al. (2022) stated that the shape of the
larval clypeus could be useful to identify these species. Similarly, Watanabe
(2024) suggested color of the antennal segments, ratio of each antennal seg-
ment and article, and shape of the mandible are helpful for identification in the
field. Herein, we describe in detail the morphometric and chaetotaxic character-
istics of C. lewisianus larvae for the first time, according to the now generalized
system used to describe aquatic Adephaga larvae (Alarie and Michat 2023).

Material and methods

All larvae used for description were obtained through rearing following the
methods used by Watanabe et al. (2021, 2023). A wild individual (Fig. 4) was
captured with official permission of the Wildlife Division, Chubu Regional En-
vironmental Office, Ministry of the Environment of Japan (2303313) and the
Ishikawa Prefecture, Japan (4-45), and was released at the site after it was
photographed.

The larvae were fixed in boiling water, transferred to 70% ethanol in glass vials
with caps and subsequently mounted on slides with 70% ethanol or euparal. The
specimens were observed using an optical microscope (Nikon ECLIPSE E400)
up to 1000-fold magnification and were sketched using a microscope equipped
with a Nikon Y-IDT drawing tube. Figures of the line drawing were prepared us-
ing an iPad Pro 11-inch (4" generation) after scanning the sketch. Photographs
of the living larvae were captured using a Nikon D500 digital camera equipped
with a Nikon AF-S Micro NIKKOR 60 mm f/2.8G ED lens. The examined larvae
were deposited in the larval collections of the Ishikawa Insect Museum (Ishika-
wa, Japan) and the Hoshizaki Green Foundation (Shimane, Japan).

Measurements were made using an optical microscope (Nikon ECLIPSE
E400) with a glass slide including a microscale, a stereoscopic microscope
(Leica M205C, Planapo 1.0X) with a Leica DFC420 camera, LAS version 3.3.1,
and digital vernier calipers (to calculate total length only). The fine structures
of the specimens were observed using a JEOL JCM-6000 Neoscope scanning
electron microscope (SEM)). Larvae were freeze-dried and coated with ultrathin
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layers of gold through high-vacuum evaporation. The methods and terms used
in this study were abbreviated following Alarie et al. (2011, 2023) and Michat et
al. (2015, 2019): A and AN, antenna; AB and LAS, abdominal segment VIl (last
abdominal segment); CL, longest claw; CO, coxa; COL, coronal line length; FE,
femur; FR, frontoclypeus; FRL, frontoclypeus length; HL, head length; HW, maxi-
mum head width; L, leg; LA, labium; LP, labial palpi; MN, mandible; MNL, mandi-
ble length; MNW, mandible width; MP, maxillary palpi; MX, maxilla; OCW, occipital
foramen width; PA, parietal; PPF, maxillary palpifer; PT, pretarsus; TA, tarsus; Tl,
tibia; TL, total length; TR, trochanter; U and UR, urogomphus. Primary setae and
pores were coded following Alarie et al. (2011) and Alarie and Michat (2023).

Results

Description of larvae of Cybister (Cybister) lewisianus Sharp, 1873
Figs 1-30, Table 1

Material source. The description of larvae of Cybister lewisianus was based on
four instar |, three instar Il, and three instar Il specimens, reared ex ovo in the
laboratory at the Ishikawa Insect Museum from adults collected in Suzu-shi,
Ishikawa Prefecture, with official permission for exhibition and research at the
Ishikawa Insect Museum.

Diagnosis. Ratio HL/HW = 1.26-1.32 (instar ), 1.30-1.33 (instar Il), and
1.32-1.34 (instar Ill) (Table 1). All instars with base of the thick row of small
setae on MN inner edge angulate, projecting medially [not angulate and pro-
jecting in C. brevis Aubé, 1838, C. chinensis Motschulsky, 1854, C. tripunctatus
(Watanabe 2024)]. Instar | larvae of C. lewisianus can be distinguished from
those of other Cybister species by the following combination of characteristics:
EB rounded [spiniform in C. sugillatus (Michat et al. 2015)]; first article of A2
pale-yellow [dark-brown in C. brevis (Watanabe 2024)]; third article of A3 longer
than the sum of first and second articles of A3 [shorter in C. brevis, C. chinensis,
C. tripunctatus (Watanabe 2024)]; setae PA1-3 with rounded apex [spiniform in
C. tripunctatus (Alarie et al. 2011)]; seta FR10 broad [narrow in C. tripunctatus
(Alarie et al. 2011)]; seta MX11 multi-branched [single in C. tripunctatus (Alarie
etal. 2011)]; seta LA8 absent [present in C. sugillatus and C. tripunctatus (Alarie
et al. 2011; Michat et al. 2015)]; seta TR4 not multi-branched [multi-branched
in C. tripunctatus (Alarie et al. 2011)]; setae AB1, AB12, and AB13 with round-
ed apex [spiniform in C. tripunctatus (Alarie et al. 2011)]. In the instar Ill larva,
lateral projections of FR narrow [broad in C. chinensis, C. limbatus (Fabricius,
1775), C. rugosus (MacLeay, 1833) and C. tripunctatus (Ichikawa 1984; Kamite
2008; Mitamura et al. 2017; Watanabe and Hayashi 2023)]; pronotum without
two dark-brown longitudinal stripes dorsally [with two dark-brown longitudinal
stripes in C. brevis, C. sugillatus, C. rugosus (Mitamura et al. 2017; Watanabe
and Hayashi 2023)].

Description, instar | (Figs 1, 5-30). Color (Fig. 1). Head capsule pale-yellow;
anterolateral part of frontclypeus, coronal line, and lateral margin light-yellow-
brown; several brown small maculae; stemmata dark-brown; antennae pale-yel-
low except for third article of A3 and A4 dark-brown; mandible pale-yellow ex-
cept for distal portion light-red-brown and thick row of small setae on the inner
margin dark-brown; maxilla pale-yellow except for third article of palpomere 3;
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Table 1. Measurements and ratios for the larvae of Cybister lewisianus Sharp, 1873. N = number of specimens examined.

Measure

TL (mm)
HL (mm)
HW (mm)
FRL (mm)
OCW (mm)
HL/HW
HW/OCW
COL/HL
FRL/HL
A/HW
A2/A1
A3/A1
A4/A3
A3'/A4
MNL/MNW
MNL/HL
A/MP

Instar | (N = 3)
20.19-20.31

2.12-2.17
1.64-1.68
0.91-1.07
0.69-0.74
1.26-1.32
2.28-2.38
0.51-0.57
0.43-0.49
0.95-0.99
0.86-0.94
0.62-0.64
0.17-0.20
0.81-0.85
3.09-3.27
0.49-0.51
1.24-1.38

C. lewisianus C. lewisianus
Instar Il (N = 3) | Instar lll (N = 3) Measure Instar | (N=3) | Instar Il (N =3) | Instar lll (N = 3)

30.37-32.63 50.85-53.36 PPF/MP1 0.36-0.37 0.41-0.42 0.43-0.47
3.27-3.29 4.53-4.82 MP1/MP2 1.52-1.58 1.67-1.81 1.92-1.99
2.46-2.51 3.37-3.61 MP3/MP2 1.28-1.43 1.15-1.22 1.01-1.04
1.35-1.38 1.74-1.79 MP/LP 2.06-2.25 1.85-2.10 1.92-1.97
1.14-1.31 1.75-1.98 LP2/LP1 0.76-0.82 0.61-0.66 0.46-0.48
1.30-1.33 1.32-1.34 L3 (mm) 5.16—-5.43 7.29-7.53 10.23-10.77
1.92-2.17 1.81-1.93 L3/L1 1.20-1.31 1.25-1.30 1.28-1.31
0.58-0.59 0.62-0.63 L3/L2 1.12-1.18 1.09-1.16 1.12-1.14
0.41-0.42 0.37-0.38 L3/HW 3.06-3.25 2.96-3.01 2.93-3.03
0.80-0.84 0.80-0.83 L3 (CO/FE) 1.00-1.02 1.02-1.05 0.98-1.01
0.79-0.89 0.75-0.78 L3 (TI/FE) 0.67-0.71 0.66—-0.69 0.65-0.67
0.53-0.54 0.39-0.40 L3 (TA/FE) 0.74-0.77 0.68-0.69 0.60-0.64
0.12-0.14 0.10-0.13 L3 (CL/TA) 0.36-0.37 0.32-0.33 0.26-0.29
0.73-0.96 0.52-0.82 LAS (mm) 4.03-4.26 5.93-6.26 8.30-8.91
3.16-3.19 3.17-3.30 LAS/HW 2.46-2.53 2.41-2.52 2.43-2.47
0.48-0.50 0.48-0.50 U (mm) 0.02 0.03-0.05 0.04-0.05
1.37-1.40 1.46-1.51

labium pale-yellow; thoracic tergites light-yellow-brown except for pale-yellow
membranous area, several small brown maculae, slightly larger pair of brown
maculae on anterior quarter side of protergite; one pair of brown maculate on
each side of membranous region of meso- and metathorax; abdominal tergites
I-VI pale-yellow with several small brown maculae; one pair of slightly larger
brown maculae on middle of dorsolateral margin of membranous region, five
pairs of ventral brown maculae; abdominal tergites VII-VIII light-yellow-brown
with several small brown maculae; four pairs of brown maculae on sterna of
abdominal tergite VII; legs pale-yellow; urogomphus light-yellow-brown. Color
as shown in Fig. 1 and in Watanabe (2024 figs 1B, 2C).

Body (Fig. 1). Elongate, subcylindrical; measurements and body shape ratios
are shown in Table 1.

Head (Figs 5-13, 19-28). Cephalic capsule (Figs 5, 6, 19, 25). Flattened, sub-
triangular, longer than broad; maximum width at level of anterior stemmata,
constricted at level of occipital region, lacking temporal spiniform setae; occipi-
tal suture present; ecdysial line well marked, COL long; occipital foramen deeply
emarginate ventrally (Figs 6, 25); tentorial pits visible slightly above middle of
ventral midline (Figs 6, 25, 27); FR subtriangular, anterior margin projected for-
ward, divided into three well developed and about equally long triangular projec-
tions, central projection narrow and with same length on both sides, lateral pro-
jections slightly broader and with inner length longer than outer length, notches
between medial and lateral projections narrow; anterolateral lobes rounded, not
projecting beyond lamellae clypeales; EB present, large, rounded (Figs 5, 19,
23), near ecdysial line at level of seta PA9; six stemmata on each side, four
dorsal, and two ventral. Antennae (Figs 7, 8, 22). Elongate, slender, almost as
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Figures 1-4. First to third-instar larva of Cybister (Cybister) lewisianus Sharp, 1873 1 instar | 2 instar Il 3, 4 instar llI
1-3 captive individuals 4 wild individual.

long or slightly shorter than HW, composed of four antennomeres; A1 longest,
subdivided into two articles, distal article approximately < 1.5 longer than basal
article; A2 shorter than A1, subdivided into three articles: first article shortest
and third article longest; A3 shorter than A2, subdivided into three articles: first
article shortest and third article longest; A3’ shorter than A4, elongate, slender;
A4 shortest. Mandible (Fig. 9). Strong, falciform, broadest at base, narrowing to
apex, abruptly narrowed toward apex from pore MNc; base of the thick row of
small setae on inner edge angulate and projecting medially; mandibular chan-
nel present. Maxilla (Figs 10, 11). Premaxillary lobes well developed; cardo well
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Figures 5, 6. First-instar larva of Cybister (Cybister) lewisianus, cephalic capsule 5 dorsal aspect 6 ventral aspect. EB, egg
burster; LC, lamellae clypeales; TP, tentorial pit.
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Figures 7-9. First-instar larva of Cybister (Cybister) lewisianus 7, 8 antenna 9 mandible 7, 9 dorsal aspect 8 ventral as-

pect. sp, spinula.

developed, subovate, stipes elongate, slender, subcylindrical; galea absent; PPF
elongate, slender, palpomere-like; MP elongate, slender, shorter than antenna,
composed of three palpomeres, MP1 longest and MP2 the shortest; MP1 sub-
divided into three articles, basal article shortest and third article longest, MP2
subdivided into two articles, distal article longer than first article; MP3 subdi-
vided into three articles, first article shortest and third article longest. Labium
(Figs 12, 13, 28). Prementum broader than long, not sclerotized ventromedially,
anterodorsal margin well projected forward, median process with apex round-
ed, reaching approximately the level of anterior margin of prementum; LP much
shorter than MP, composed of two palpomeres; LP1 longer than LP2; LP1 sub-
divided into two articles subequal in length; LP2 subdivided into two articles,
distal article more than twice longer than basal article.
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10 11

Figures 10-13. First-instar larva of Cybister (Cybister) lewisianus 10, 11 maxilla 12, 13 labium 10, 12 dorsal aspect 11,
13 ventral aspect.

Thorax (Figs 1, 14, 15, 29, 30). Pro-, meso-, and metanotum convex, length
of pronotum twice that of mesonotum, metanotum and mesonotum with sub-
equal length, pronotum, metanotum, and metanotum with subequal width;
protergite longer than broad, subrectangular, lateral margins emarginate at
about middle, anterior and posterior margins straight; meso- and metatargite
small, broader than long, subtrapezoidal, posterior central margin emarginate;
sagittal line present on all tergites; sternum of prothorax membranous except
for one pair of small subtriangular sclerites, sterna of meso- and metathorax
membranous; spiracles absent. Legs (Figs 14, 15, 29, 30). Long, composed of
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Figures 14, 15. First-instar larva of Cybister (Cybister) lewisianus, metathoracic leg 14 anterior aspect 15 posterior aspect.

six segments, L1 shortest and L3 longest; CO, FE, Tl, and TA subcylindrical,
elongate and slender; TR short, divided into two parts by an annulus; PT with
two long curved claws.

Abdomen (Figs 1, 16—18). Eight-segmented; segments I-VI subequal in
length, mostly membranous with a minute sclerite on anterodorsal region, terg-
ites 1-VI without anterior carina, sagittal line present; segments II-Ill slightly
broader than the others; posterior part of sclerites I-VI and anterior part of
sclerite VIl densely covered with small spinulae; sterna of segments I-VI mem-
branous; segment VII narrower, subtrapezoidal, without anterior carina, sagittal
line absent; segments |-VII without spiracles; segment VIl longest and narrow-
est, sclerotized except anteroventrally and around anus. Urogomphus (Fig. 18).
Strongly reduced, slightly broader than long, comprised of one urogomphomere.

Chaetotaxy. Similar to that of the generalized Cybister larva (Alarie et al.
2011; Alarie and Michat 2023) with the following remarks: lamellae clypeales
drill-like (Figs 20, 21); seta PA1-3 apically rounded (Figs 5, 24); seta FR10 broad,
bifid (Fig. 5); seta MX11 multi-branched (Fig. 11); seta LA8 absent (Fig. 12); se-
tae CO1-5, CO14, and CO17 apically rounded (Figs 14, 15); seta TR1 apically
rounded (Fig. 14); seta TR4 elongate, not multi-branched (Figs 14, 29); setae
FE2, FE7, and FE8 apically rounded (Fig. 14); seta FE3 slenderer than FE2, FE7,
and FE8 (Fig. 14); setae TI2-4 apically rounded (Fig. 14); setae TA2-5 apically
rounded (Figs 14, 15); seta PT1 apically rounded (Fig. 14); setae AB1, AB12 and
AB13 apically rounded (Figs 16, 17); and seta AB4 long (Fig. 16).
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Figures 16-18. First-instar larva of Cybister (Cybister) lewisianus 16, 17 abdominal segment VIII 18 urogomphus 16 dor-
sal aspect 17, 18 ventral aspect.

Description, instar Il (Fig. 2). As first-instar larva except as follows:

Color (Fig. 2). Head capsule with small brown maculae more numerous;
thoracic tergites light yellow-brown except for pale-yellow membranous region
with several gray maculae; abdominal tergites 1-VI light-yellow-brown except
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Figures 19-24. SEM photographs of first-instar larva of Cybister (Cybister) lewisianus, head, dorsal aspect 19 cephalic
capsule 20 mandible and projections of lamellae clypeales 21 lamellae clypeales of central projection 22 apex of anten-
na 23 egg burster 24 setae PA1-3.

for pale-yellow membranous region with several gray maculae; abdominal terg-
ites VII-VIII with several small brown maculae. Color as shown in Fig. 2 and in
Watanabe (2024: figs 1F, 3B).

Body. Measurements and body shape ratios are shown in Table 1.

Head. Cephalic capsule. EB absent; HW/OCW = 1.92-2.17. Antennae. Short-
er than HW; A3/A1 = 0.53-0.54. Maxilla. MP1/MP2 = 1.67-1.81; MP3/MP2 =
1.15-1.22. Labium. LP2/LP1 = 0.61-0.66.

ZooKeys 1197: 137-152 (2024), DOI: 10.3897/z0okeys.1197.119508




Kohei Watanabe & Masakazu Hayashi: Description of Cybister lewisianus larvae

P
=

500 pm

High-vac. SEI PC-std. 15kV x 40 2023/07/12 008401 \Hj

< T /_H./

R X
; o

q f

.\.\_—:“%,1,00 pme

12 008404 High-vac. SEIPC-Stdy ABkV. . %270 2023/07/12 008408
Wy

30 _—tpm

Widheat, SEl PC-std, 15KV x-500 2023/0y/42¥ 008412 High-vac. SEI PC-std. 15kV x 300 2023/07/12° 008378

Figures 25-30. SEM photographs of first-instar larva of Cybister (Cybister) lewisianus 25 cephalic capsule 26 pores
PAf-i 27 tentorial pit 28 labium and cephalic capsule 29 trochanter and femur 30 tarsus and pretarsus 25-28 ventral
aspect 29 antero-ventral aspect 30 posterior aspect.

Abdomen. Sclerites I-VII not covered with small spinulae.

Chaetotaxy. |dentification of the secondary setae was difficult due to the
large number of additional setae.

Description, instar Il (Fig 3, 4). As second-instar larva except as follows:

Color (Fig 3, 4). Head capsule yellow-brown; thoracic tergites yellow-brown
except for light-brown membranous region with several gray maculae; anterior
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and posterior margin of protergite brown; abdominal tergites |-VI yellow-brown
except for light-brown membranous region, one light-brown vitta on each side
of abdominal tergites; abdominal tergites VII-VIII yellow-brown, tergite VIl with
several light-yellow-brown maculae. Color as shown in Figs 3, 4 and in Inoda et
al. (2022: fig. 1), Watanabe and Hayashi (2023: fig. 4E), and Watanabe (2024:
figs 1J, 4B).

Body. Thorax. Spiracles present on mesosternum; measurements and body
shape ratios shown in Table 1.

Head. Antennae. A3 shorter than half of A1. Maxilla. MP1 about twice lon-
ger than MP2; MP3 almost same length as MP2. Labium. LP2 shorter than
half of LP1.

Abdomen. Spiracles present on segments I-VII.

Remarks. A study on Laccophilus yoshitomii Watanabe & Kamite, 2018 re-
ported that larvae raised in captivity differed in color from those collected in the
field (Watanabe and Okada 2023); however, no pronounced differences in color
were observed between captive and wild individuals of Cybister lewisianus in
the present study (Figs 3, 4).
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Abstract

The Chinese species of the highland weevil genus Pachynotus is revised, including a sin-
gle known species, P lampoglobus Chao & Y.-Q. Chen, 1980, and the descriptions of two
new species, P, pilosus sp. nov. and P, arcuatus sp. nov. All Chinese Pachynotus species
occur in Xizang (Tibet), China, and a key to these species is presented. Additionally, the
COl sequences of two species, P lampoglobus and P. pilosus sp. nov., are provided, with
details of the genetic distance.

Key words: COI, Curculionidae, key, new species, Pachynotus, Xizang

Introduction

Pachynotus Kollar & L. Redtenbacher, 1844, belonging to the tribe Tanymeci-
ni (Curculionidae, Entiminae), is mainly distributed in the Himalayas, such as
Kashmir, Himachal Pradesh, Uttarakhand of India and Xizang of China (Alon-
so-Zarazaga et al. 2023; Appendix 1). Because of the Himalayas’ high species
richness and endemism, this mountain region has been identified as one of the
25 biodiversity hotspots in the world (Myers et al. 2000). The genus Pachyno-
tus was established by Kollar and Redtenbacher (1844) for a single species,
P. globicollis Kollar & L. Redtenbacher 1844, from India and Kashmir. Marshall
(1916) redefined the genus and described P. globicollis, while synonymising
Cneorhinus obscurus Kollar & L. Redtenbacher, 1844 with P. globicollis. Chao
and Chen (1980) described P lampoglobus Chao & Y.-Q. Chen, 1980 from Chi-
na. Mahendiran and Ramamurthy (2013) reviewed this genus, described two
new species, P mayarami Mahendiran & Ramamurthy, 2013 and P kumaon-
ensis Mahendiran & Ramamurthy, 2013, and provided a key to all the species
distributed in India.

Herein, we describe two new species and present a key to Chinese Pachyno-
tus. Moreover, we provide the COIl sequences of P lampoglobus and P. pilosus
and analyse the genetic distance of these two species based on COl sequences.
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Materials and methods

All specimens, including types, examined for this study are collections of the
Institute of Zoology, Chinese Academy of Sciences, Beijing, China (IZCAS), and
the Natural History Museum, London, UK (NHMUK). The types of the new spe-
cies are deposited in IZCAS. Label data are given as they are, verbatim, with
pinyin romanisation and comments in square brackets if labels are in Chinese;
labels are separated by double slashes and lines by slashes.

Specimens were dissected after soaking them in soapy water overnight for
cleaning and softening, and the dissected parts were placed in a cold 10% KOH
solution for 20 h to macerate the soft tissues. After dissection, all parts were
photographed and stored in glycerine in microvials pinned beneath the speci-
men from which they were dissected.

The morphological terminology used in this study mainly follows Marshall
(1916) and Aslam (1966). Measurements were made using an ocular microme-
tre as follows: standard length — dorsally from anterior margin of thorax to the
apex of elytra along midline; pronotal length — dorsally from anterior margin to
base along midline; pronotal width — dorsally across widest part; elytral length
- dorsally along suture of elytra from base to apex; elytral width — dorsally
across widest part; rostral length — dorsally in a straight line from apex to an-
terior margin of eye; rostral width — dorsally across base of rostrum. Measure-
ments are made in millimetres.

All observations and dissections were performed using a Nikon SMZ1500
stereomicroscope. The habitus images were taken with a Canon-5D camera
mounted on a Nikon SMZ1500 microscope. CombineZM and Helicon Focus
software were used to combine the photos. Photoshop CC2019 was used to
modify the photos if required.

DNA was extracted from all the specimens via DNeasy Blood & Tissue Kits
(Qiagen, Germany). DNA was extracted from either 1, 3, or 6 legs or the whole
body, depending on the size of specimen. Polymerase chain reaction (PCR)
amplifications for COIl sequences were conducted using the primers LCO1490
(GGTCAACAAATCATAAAGATATTGG) and HC02198 (TAAACTTCAGGGTGAC-
CAAAAAATCA). PCR reaction mixes (25 mL) contained 12.5 puL 2x Taq PCR
MasterMix (Tiangen Biotech Co., Ltd, Beijing, China), 1 uL of forward and re-
verse primer each (Sangon Biotech Co. Ltd, Shanghai, China), 2 pL total un-
diluted DNA template, and 8.5 pL dd H,0. PCR profile as follows: 94 °C for
2 min, first cycle set (5 repeats): 94 °C for 40 s, 45 °C for 40 s and 72 °C for
60 s. Second cycle set (35 repeats): 94 °C for 40 s, 51 °C for 40 s and 72 °C for
60 s, followed by elongation at 75 °C for 5 min. PCR products were visualised
through 1% agarose gel electrophoresis in TAE buffer. Successful PCR prod-
ucts were sent for sequencing in the Beijing Genomics Institute (BGI, Shen-
zhen, China). The raw data were assembled and edited via SeqMan v. 7.1. We
failed to amplify the COI sequence of P. arcuatus. In order not to destroy the
type specimen (only one specimen), we abandoned the idea of further ampli-
fication of the COIl sequence. The intraspecific and interspecific K2P genetic
distances of P. lampoglobus and P. pilosus were separately calculated using
the MEGA v. 7.
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Results
Taxonomic treatment

Pachynotus Kollar & L. Redtenbacher, 1844

Pachynotus Kollar & L. Redtenbacher 1844: 541. Type species: P. globicollis Kol-
lar & L. Redtenbacher, 1844. Type locality: India and Kashmir.

Diagnosis. Head with eyes lateral, ovate, flat, or slightly prominent. Base of ros-
trum not or only slightly broader than forehead, with narrow or broad central
furrow, reaching fore margin of forehead or head apex; antennal scrobes dilat-
ed and much shallower behind, upper edge touching eyes. Antennal with scape
reaching the middle or posterior margin of the eyes at rest, clavate; funicle with
the two basal desmomeres more elongate, desmomere IlI-VI subequal, des-
momere VIl subconical; club short, ovate, three-segmented. Pronotum with a
central sulcus, fine, extremely shallow. Elytra ovate, with base raised as prom-
inent flange or not, and the base bisinuate or not; odd interstriae more raised
than even ones or not; metanepisternum fused with it behind, metanepisternal
suture therefore distinct only in the cephalic 1/2. Corbels of hind tibiae open or
narrowly enclosed; claws connate at base.

Pachynotus pilosus sp. nov.
https://zoobank.org/37B015C6-3A67-4BD0-B8D7-F312C395791F
Figs 1,2,3A,B,4A,C,E 5

Material examined. Holotype, &: (white, printed): Ptji (L7 Hi#4 [Xizang Shan-
nan Qusong] ZIL 2 WHiHL b1 0 [QiGdudjlangxiang Yaduizhalashan
yakou] / 28.8307°N, 92.0507°E / ' EIBEsh#FT [Zhdngkéyuan Dongwusud] /
4989.19 m / 2021.VI.12 / {4 [Rén Jinlidng]: 10Z(E)1965015 // Paratypes
(28, 39): same data as holotype except I0Z(E)1965016-10Z(E)1965020.

Description. Holotype, male. Measurements (in mm): standard length: 5.10;
pronotal length: 1.70; pronotal width: 1.9; elytral length: 3.10; elytral width: 2.08;
rostral length: 0.90; rostral width: 0.60.

Habitus and colour (Fig. 1A, B): body elongate-oval, small; integument dark
reddish brown; antennae and legs reddish brown, with pale yellowish-brown
scales; scales on dorsal and lateral surfaces of rostrum moderately dense, oval
to elongate-oval; antennal scape and funicles without scales; pronotum with
polygonal scales, moderately dense, not contiguous; scales on elytra polygo-
nal, dense, not contiguous; scales on ventrites moderately dense, polygonal,
elongate-oval; scales on legs dense; dorsal of tarsi surface without scales;
body with erect to suberect and slightly longer setae; rostrum sparsely covered
with suberect fine setae; antennal scape and desmomeres I-VII with long, fine,
sparse setae; dorsal and lateral surfaces of pronotum with sparse, suberect se-
tae; setae on interstriae long, erect to suberect, behind declivity slightly longer,
erect, equal to 6 x diameter of one scale; setae on ventral surface moderately
long, fine, erect.
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Figure 1. Habitus of Pachynotus pilosus sp. nov., holotype A dorsal view B lateral view C head and rostrum, dorsal view
D left protibia, dorsal view E antenna, dorsal view. Scale bars: 1 mm (A, B, D); 0.5 mm (C, E).
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Head (Fig. 1C): moderately convex; dorsal surface smooth; punctures small,
moderately dense; eyes flat, oval; forehead weakly convex, moderately elevated
than base of rostrum in lateral view.

Rostrum (Fig. 1C): in dorsal view 1.50 x as long as wide, apex narrower than
base; sides narrowed from base to middle, and then slightly broadened to apex;
dorsal surface with a narrow and shallow median sulcus, reaching fore margin
of forehead; epistome broad U-shaped, smooth, posterior angle of epistome
>90°; mandibular scars oval; ventral margin of antennal scrobes visible at api-
cal half in dorsal view; in lateral view, without triangular depression positioned
laterally between eyes and antennal scrobes; prementum with two setae.

Antennae (Fig. 1E): scape slender, clavate, reaching posterior margin of eyes
at rest, 0.99 x length of funicle; desmomere | 1.40 x length of |l, both segments
elongate clavate; desmomere Ill short, clavate, 0.59 x length of Il; desmomere
IV 0.91 x length of Ill, nearly equal width; desmomeres IV-VI moniliform, equal
in length and width; desmomere VII moniliform, 1.21 x length, 1.24 x width of
VI; club elongate-oval, apical sharp, three-segmented, uniformly pubescent,
segment | 1.25 x length of II; segment Il shorter than segment Il

Pronotum: 0.89 x as long as wide; subquadrate in dorsal outline, strongly
convey; sides strongly rounded, greatest width after midpoint, gradually narrow-
ing towards both ends, fore margin shorter than posterior one; median sulcus
fine, extremely shallow; dorsal surface smooth, punctures small, each puncture
covered by a scale; postocular lobes absent, vibrissae fine, dense, yellow.

Scutellum: large and distinct, triangular, shiny, uncoated, reddish brown.

Elytra: 1.49 x as long as wide, moderately convex, elongate-oval; base not
raised as prominent flange, not bisinuate; sides subparallel before declivity,
only slightly narrowed near the base; striae distinct, narrow, moderately deep,
linear; punctures minute, spot like, moderately dense, space between punctures
narrower than the diameter of punctures; interstriae wide, slightly flat, without
tubercles, odd interstriae slightly raised than even ones.

Abdomen (Fig. 2A): sternite | depressed in middle, slightly convex at sides;
suture between sternites | and Il slightly curved forward in middle; sternite Il
slightly convex; sternite | longer than Il, sternite Il slightly shorter than Ill and
IV combined; sternites lll and IV equal in length; sternite V moderately convex,
apex round, longer than sternites Il and IV combined.

Legs: rather short; femora clavate; fore tibiae subcylindrical, slightly sinu-
ate, slightly bent inwards at apical quarter, apex not projected inwards and out-
wards, with long and slender hairs, obviously different from other setae, some-
what sparse (Fig. 1D); inner margin of fore tibiae with several extremely small
teeth; median and hind tibiae without teeth; corbels of hind tibiae closed.

Genitalia: sternite VIII (Fig. 2B) divided into two hemisternites, transversely
oriented, subtrapeziform; each laterally acuminate. Sternite IX (Fig. 2B) with
basal plate bilobed; spiculum gastrale 1.19 x as long as aedeagus, strongly
sclerotised, anterior third curved. Penis (Fig. 2C, D) in dorsal view with tube
0.97 mm in length, 4.8 x length of wide, temones 0.62 mm long; in lateral view
curved, more strongly so near base and at apex, greatest width at midpoint.
Tegmen (Fig. 2E) 0.61 x length of penis, with ring narrow, parameroid lobes de-
veloped with basal half more sclerotised; tegminal apodeme slender, forming a
Y-shape with basal piece.
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Figure 2. Abdominal and genital structures of Pachynotus pilosus sp. nov., holotype A ventrites, ventral view B sternites
VIIl and IX, dorsal view C aedeagus, lateral view D aedeagus, dorsal view E tegmen, dorsal view. Scale bars: 0.5 mm.
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Figure 3. Habitus of Pachynotus pilosus sp. nov. paratype A dorsal view B lateral view. Pachynotus arcuatus sp. nov.
holotype C dorsal view D lateral view. Scale bars: 1 mm.
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Variation. Male paratypes. Measurements (in mm): standard length: 5.00-
5.30; pronotal length: 1.7-1.9; pronotal width: 1.85-2.10; elytral length: 3.00—
3.20; elytral width: 2.00—2.20; rostral length: 0.80—1.00; rostral width: 0.60-0.70.

Females. Measurements (in mm): standard length: 4.80-5.50; pronotal
length: 1.70-1.80; pronotal width: 1.80-2.10; elytral length: 3.10-3.50; elytral
width: 2.08-2.60; rostral length: 0.80-1.00; rostral width: 0.60-0.75. Fore tibi-
ae with short and slender setae, same as other setae (Fig. 4C); ventrite V (Fig.
5A) parabolic, longer than ventrite Il. Sternite VIII (Fig. 5C) with spiculum ven-
trale thin, rod-like and sinuate. Spermatheca (Fig. 5D) with corpus subquadrate;
cornu widely curved, U-shaped, apically gradually narrowed; ramus subspheri-
cal, prominent and long.

Etymology. Pilosus, Latin adjective, meaning “hairy”, in reference to the sig-
nificantly longer hair on the male fore tibiae than on other parts.

Distribution. China (Xizang).

Pachynotus arcuatus sp. nov.
https://zoobank.org/1D3535AB-C051-4DBE-9458-390738E4B13E
Figs 3C,D, 4B, D, F, 6

Material examined. Holotype, Q: (white, printed): Fhji 1l FFHh[X [Xizang Shan-
nandiqi] 4541l [Yangcuodlashan] / 28.09708°N, 91.933395°E / 4685 m
/ 2018.VII.15 / Jiid [Zhou Run] / HEEShYIFT [Zhdngkéyuan Dongwusud):
10Z(E)1965679.

Description. Holotype, female. Measurements (in mm): standard length:
5.90; pronotal length: 1.90; pronotal width: 2.20; elytral length: 3.90; elytral
width: 3.00; rostral length: 1.15; rostral width: 0.85.

Habitus and colour (Fig. 3C, D): body elongate-oval, small; integument dark
reddish brown; antennae and legs reddish brown, with light-grey scales; scales on
dorsal and lateral surfaces of rostrum moderately dense, oval to elongate-oval;
antennal scape and funicles without scales; pronotum with polygonal scales,
moderately dense, not contiguous; scales on elytra polygonal, dense, not contig-
uous; scales on ventrites moderately dense, polygonal to elongate-oval; scales
on legs dense; dorsal of tarsi surface without scales; body with erect to suberect
and slightly longer setae, sparser; rostrum sparsely covered with suberect fine
setae; antennal scape and desmomeres |-Vl with long, fine and sparse setae;
dorsal and lateral surfaces of pronotum with sparse, suberect setae; setae on
interstriae long, erect to suberect, behind declivity slightly longer, erect, equal to
6 x diameter of one scale; setae on ventral surface moderately long, fine, erect.

Head (Fig. 4B): moderately flat; dorsal surface smooth; punctures small and
dense; eyes flat, oval; forehead weakly convex, moderately elevated than base
of rostrum in lateral view.

Rostrum (Fig. 4B): in dorsal view, 1.35 x as long as wide, apex narrower than
base; sides narrowed from base to middle, and then slightly broadened to apex;
dorsal surface with a broad, deep, median sulcus, reaching vertex of head; pos-
terior angle of epistome 90°, smooth; mandibular scars oval; ventral margin of
antennal scrobes visible at apical half in dorsal view; in lateral view, without
triangular depression positioned laterally between eyes and antennal scrobes;
prementum with two setae.
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Figure 4. Pachynotus pilosus sp. nov. A head and rostrum, dorsal view C right protibia, anterior view E antenna, anterior
view; Pachynotus arcuatus sp. nov. B head and rostrum, dorsal view D right protibia, anterior view F antenna, anterior
view. Scale bars: 0.5 mm (A, B, E, F); 1 mm (C, D).

Antennae (Fig. 4F): scape slender, clavate, reaching posterior margin of eyes
at rest, 0.98 x length of funicle; desmomere | 1.43 x length of Il, both segments
elongate clavate; desmomere Ill short, clavate, 0.51 x length of Il; desmomere
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IV 0.93 x length of Ill, nearly equal width; desmomeres IV-VI moniliform, equal
in length and width; desmomere VII moniliform, 1.08 x length, 1.03 x width of
VI; club elongate-oval, apically sharp, three-segmented, uniformly pubescent,
segment | 1.21 x length of Il; segment Il shorter than segment IIl.

Pronotum: 0.86 x as long as wide; subquadrate in dorsal outline, strongly con-
vex; sides strongly rounded, greatest width after midpoint, gradually narrowing
towards both ends, fore margin shorter than posterior one; median sulcus fine,
extremely shallow; postocular lobes absent, vibrissae fine, dense, yellow.

Scutellum: large and distinct, U-shaped, shiny, uncoated, reddish brown.

Elytra: 1.30 x as long as wide, moderately convex, elongate-oval; with base
raised as prominent flange, not bisinuate; sides subparallel before declivity,
only slightly narrowed near base; striae distinct, narrow, moderately deep, lin-
ear; puncture minute, spot-like, moderately dense, space between punctures
narrower than diameter of punctures; interstriae wide, slightly flat, without tu-
bercles, odd interstriae slightly raised than even ones.

Abdomen (Fig. 6A): sternite | depressed in middle, slightly convex at sides;
suture between sternites | and Il slightly bisinuate; sternite Il slightly convex;
sternite | longer than Il, sternite Il slightly shorter than Ill and IV combined; ster-
nites Ill and IV equal in length; sternite V moderately convex, apical round, lon-
ger than sternites Ill and IV combined.

Legs: rather short; femora clavate; fore tibiae obviously bent inward at apical
third, apex neither projected inwards nor outwards (Fig. 4D); inner margin of
fore tibiae with several extremely small teeth; median- and hind tibiae without
teeth; corbels of hind tibiae closed.

Genitalia: ventrite V (Fig. 6A) parabolic, longer than ventrite Il. Sternite VIII
(Fig. 6C) with spiculum ventrale thin, rod-like, and sinuate. Spermatheca (Fig.
6D) with corpus subquadrate; cornu elongate, widely curved, wide U-shaped,
apically gradually narrowed; ramus quadrate.

Male. Unknown.

Remarks. This new species resembles P. pilosus sp. nov. but differs by the
following characters: scutellum U-shaped; rostrum with a broad and deep me-
dian sulcus, reaching head vertex; elytra base raised as prominent flange; fore
tibiae obviously bent inward at apical third.

Etymology. Arcuatus, Latin participle, meaning “curved”, in reference to the
fore tibiae, which is bent inward at its apical third.

Distribution. China (Xizang).

Pachynotus lampoglobus Chao & Y.-Q. Chen, 1980
Fig. 7

Material examined. Holotype, &: (white, printed): P % FHin [Xizang Pulan
Ké&jia] / 37004 )X [Gong Chi] / H [E Rl [Zhonggudkexteyuan] / 14. VII 1976
/ ¥ & & [Huang Fushéng]: I0Z(E)905056 // Paratype (17): same data as holo-
type except 10Z(E)905057.

Redescription. Holotype, male. Measurements (in mm): standard length:
5.60; pronotal length: 1.85; pronotal width: 2.10; elytral length: 3.70; elytral
width: 3.00; rostral length: 1.10; rostral width: 1.00.
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Figure 5. Abdominal and genital structures of Pachynotus pilosus sp. nov. A ventrites, ventral view B sternite VIII and
female genitalia, lateral view C sternum VIII, dorsal view D spermatheca, lateral view. Scale bars: 0.5 mm.
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Figure 6. Abdominal and genital structures of Pachynotus arcuatus sp. nov. A ventrites, ventral view B sternite VIII and
female genitalia, lateral view C sternum VIII, dorsal view D spermatheca, lateral view. Scale bars: 0.5 mm.
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Figure 7. Habitus of Pachynotus lampoglobus, holotype. A dorsal view B lateral view C specimen label. Scale bars: T mm.

Habitus and colour (Fig. 7): body wide, ovate; blackish-reddish brown; anten-
nae and legs reddish brown, with pale yellowish-brown scales with red-green
metallic lustre; scales on dorsal and lateral surfaces of rostrum moderately
dense, oval to elongate-oval; antennal scape and funicles without scales; pro-
notum with polygonal scales, moderately dense, not contiguous; scales on ely-
tra polygonal, dense, but not contiguous; scales on ventrites moderately dense,
polygonal to elongate-oval; scales on legs dense; dorsal of tarsi surface with-
out scales; body with erect to suberect, short, sparse setae; rostrum sparsely
covered with suberect, fine, short setae; antennal scape and desmomeres |-
VII with long, fine, sparse setae; dorsal and lateral surfaces of pronotum with
sparse, suberect setae; setae on interstriae short, erect to suberect, equal to
2 x diameter of scale; setae on the ventral surface moderately long, fine, erect.

Head: convex; dorsal surface smooth; punctures small and dense; eyes mod-
erately convex, oval; forehead convex, moderately elevated than base of ros-
trum in lateral view.

Rostrum: in dorsal view, 1.10 x as long as wide; sides narrowed from base to
apex; apex narrower than base; dorsal surface with a broad and deep median
sulcus, reaching middle of forehead; posterior angle of epistome more than 90°,
smooth; mandibular scars oval; ventral margin of antennal scrobes visible at
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apical two-thirds in dorsal view; in lateral view, without triangular depression posi-
tioned laterally between eyes and antennal scrobes; prementum with four setae.

Antennae: scape slender, clavate, reaching middle of eyes at rest, 0.88 x
length of funicle; desmomere | 1.30 x length of Il, both segments elongate
clavate; desmomere Il short, clavate, 0.47 x length of Il; desmomere 1V 0.88 x
length of Ill, nearly equal width; desmomeres IV-VI moniliform, equal in length
and width; desmomere VII moniliform, 1.09 x length, 1.06 x width of VI; club
elongate-oval, apical sharp, three-segmented, uniformly pubescent, segment |
1.35 x length of Il; segment Il shorter than segment 1.

Pronotum: 0.88 x as long as wide; subquadrate in dorsal outline, strongly
convex; sides strongly rounded, greatest width at midpoint, gradually narrowing
towards both ends, fore margin shorter than posterior one; median sulcus, fine,
extremely shallow; dorsal surface of pronotum smooth, punctures small, each
puncture covered by a scale; postocular lobes absent, vibrissae fine, dense, yellow.

Scutellum: large and distinct, U-shaped, shiny, uncoated, reddish brown.

Elytra: 1.23 x as long as wide, moderately convex, elongate-oval; base not
raised as prominent flange, not bisinuate; sides subparallel before declivity,
only slightly narrowed near the base; striae distinct, narrow, moderately deep,
linear; punctures minute, spot-like, moderately dense, spaces between punc-
tures narrower than diameter of punctures; interstriae wide, flat, without tuber-
cles, odd interstriae not more raised than even ones.

Abdomen: sternite | depressed in middle, slightly convex at sides; suture be-
tween sternite | and Il slightly bisinuate; sternite Il slightly convex; sternite |
longer than I, sternite Il slightly shorter than Il and IV combined; sternites Il
and IV equal in length; sternite V moderately convex, apical round, shorter than
sternites lll and IV combined.

Legs: slightly short; femora clavate, densely with scales; fore tibiae bent in-
ward at apical half, apex projected inwards and outwards; inner margin of fore
tibiae with several moderately large teeth; median- and hind tibiae with moder-
ately small teeth; corbels of hind tibiae closed.

Variation. Male paratype. Measurements (in mm): standard length: 6.10;
pronotal length: 1.90; pronotal width: 2.20; elytral length: 3.80; elytral width:
3.10; rostral length: 1.10; rostral width: 0.90.

Female. Unknown.

Distribution. China (Xizang).

Genetic distances

The intraspecific genetic distances of P. lampoglobus and P, pilosus are 0% and
1.38%, respectively (0.69%, average). The interspecific genetic distances are
between 22.64% and 23.50% (23.07%, average) (Table 1).

Table 1. Genetic distance of Pachynotus lampoglobus and P. pilosus based on COI se-

quences.
Species GenBank Accession Number 1 2 3
1 | P lampoglobus OR123593
2 OR123594 0%
3 | P pilosus sp. nov OR123595 22.64% 22.64%
4 OR123596 23.50% 23.50% 1.38%
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Key to species of Pachynotus occurring in China

1 Prementum with two setae; scape reaching posterior margin of eyes at rest;
inner margin of fore tibiae with extremely small teeth; mid and hind tibiae
without teeth; elytral odd interstriae more raised than even ones................. 2

-  Prementum with four setae; scape reaching middle of eyes at rest; inner
margin of fore tibiae with several moderately big teeth; mid and hind tibiae
with moderately small teeth; elytral odd interstriae not more raised than
EVEIN ONES ..ottt ettt et ettt eteeeaeeveeaeese e e sae e P. lampoglobus

2 Scutellum triangular; rostrum with a narrow and shallow median sulcus,
reaching fore margin of forehead; posterior angle of epistome > 90°; ely-
tral base not raised as prominent flange; fore tibiae slightly bent inward at
apical QUAET.......cc.oeieeeeeee e P, pilosus sp. nov.

—  Scutellum U-shaped; rostrum with a broad and deep median sulcus, reach-
ing head vertex; posterior angle of epistome 90°; elytral base raised as
prominent flange; fore tibiae obviously bent inward at apical third..............
.......................................................................................... P, arcuatus sp. nov.

Discussion

The three Chinese Pachynotus species occurring in Xizang are all endemic to
China, and morphological variation and genetic differences among these spe-
cies are conspicuous. In our study, the average interspecific genetic distance
between P. lampoglobus and P. pilosus was 33 x that of the average intraspecif-
ic genetic distance. This confirm, by molecular means, the validity of the new
species P. pilosus sp. nov. (Hebert et al. 2003, 2004). In addition, the COI se-
quences of P. lampoglobus and P, pilosus are provided for the first time, which
will help promote further DNA barcoding studies of this genus.

Pachynotus species in China are quite different in size from other Pachyno-
tus species. P, globicollis (length 9.63 mm, width 2.89 mm), P mayarami (length
9.55 mm, width 3.10mm), and P kumaonensis (length 9.80 mm, width 3.25 mm)
are larger than P lampoglobus (average length 5.82 mm, average width 3.05 mm),
P, pilosus (average length 5.12 mm, average width 2.21mm), and P arcuatus (length
5.90 mm, average width 3.00 mm). It is worth noting that P globicollis, P mayarami,
and P kumaonensis are distributed in Uttarakhand, India; P, globicollis was found at
an altitude of 1753-2286 m in Uttarakhand (Mahendiran and Ramamurthy 2013),
and the other two species have no altitudinal information. P lampoglobus, P. pilo-
sus, and P, arcuatus are found in Xizang of China at altitudes of 3700 m, 4989 m,
and 4685 m, respectively. This phenomenon of extreme altitude could be attribut-
ed to the advantages that diminutive bodies offer in the face of the relatively harsh
conditions of high-altitude environments. In such conditions, these smaller wee-
vils can thrive on minimal food resources and easily seek refuge by burrowing into
rock crevices, thus evading predators and harsh climatic conditions.

As flightless weevils, the genus Pachynotus is inherently predisposed to geo-
graphical isolation, leading to the emergence of new species as observed in
previous studies (Chen 1991; Ren 2008) and this study. Therefore, our findings
suggest that there may be more Pachynotus species awaiting discovery, con-
sidering the geographic isolation and the unique ecological niches that Pachy-
notus species inhabit.
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Appendix 1

Checklist to species of the genus Pachynotus
Pachynotus globicollis Kollar & L. Redtenbacher, 1844: 544
Cneorhinus obscurus Kollar & L. Redtenbacher, 1844: 544,
Distribution. India (Kashmir, Himachal Pradesh, Uttarakhand).
Pachynotus kumaonensis Mahendiran & Ramamurthy, 2013: 82
Distribution. India (Uttarakhand).

Pachynotus lampoglobus Chao & Y.-Q. Chen, 1980: 88
Distribution. China (Xizang).

Pachynotus mayarami Mahendiran & Ramamurthy, 2013: 82
Distribution. India (Uttarakhand).

Pachynotus pilosus J.-L. Ren, Ren & Zhang, sp. nov.
Distribution. China (Xizang).

Pachynotus arcuatus J.-L. Ren, Ren & Zhang, sp. nov.

Distribution. China (Xizang).
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Abstract

The genus Leptanilla Emery, 1870 of the family Formicidae, subfamily Leptanillinae,
comprises miniscule, pale, blind ants that are rarely collected and poorly understood
due to their hypogaeic (i.e. underground) lifestyles. Here we describe a new Leptanilla
species from two workers collected via subterranean scraping in the arid Pilbara region
of Western Australia. Leptanilla voldemort sp. nov. is the second leptanilline species
documented in Australia after the elusive Leptanilla swani Wheeler, 1932. Workers of
L. voldemort sp. nov. display a remarkably gracile morphology characterised by elongat-
ed legs, antennae, and mandibles, and they are easily differentiated from other Lepta-
nilla species. We also provide new measurements for L. swani from two workers found
proximally to the type locality of L. voldemort sp. nov. A key to the worker caste of Lept-
anilla species of the Australian continent is presented.

Key words: Australia, hypogaeic, Leptanilla, Milieu Souterrain Superficiel, subterranean

Introduction

Although lacking the impressive colours, armoury and colony sizes seen in
many of the world’s ~14,000 ant species (Bolton 2024), the diminutive mem-
bers of the genus Leptanilla Emery, 1870 (Formicidae, Leptanillinae) are dar-
lings of myrmecologists, for they include some of the most elusive and bizarre
ants on Earth. All known Leptanilla species are hypogaeic, living in small col-
onies that nest and forage exclusively underground (Griebenow 2024; Qian et
al. 2024). As such, individuals of Leptanilla are rarely collected by convention-
al methods for sampling ants (e.g. pitfall traps), which tend to target surface
habitats (Wong and Guénard 2017). In adaption to subterranean life, Leptanilla
ants characteristically display cryptobiotic morphological traits; their workers
are very small (often <2 mm), depigmented and blind (Bolton 1990; Wong and
Guénard 2016). The few observations of live Leptanilla colonies have also re-
vealed intriguing, specialised behaviours, such as specialised predation on
geophilomorph centipedes (Masuko 1990), and adult feeding on haemolymph
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(i.e. blood) of the larvae from a unique duct-like organ in the larval integument—
the “larval haemolymph tap” (Masuko 1989). Moreover, recent phylogenomic
analyses show that together with the monotypic Martialinae, the Leptanillinae
constitute the sister group to all other extant ant species, making them espe-
cially significant for our understanding of ant evolution (Borowiec et al. 2019;
Romiguier et al. 2022; but see Cai 2024).

The 61 described species of Leptanilla are found in tropical and temperate
regions of the Old World (Bolton 1990; Griebenow 2024; Qian et al. 2024). The
apparently patchy distribution of the genus may be an artefact of geographic
biases in ant research in general (Kass et al. 2022) and the use of subterranean
sampling techniques in particular (Wong and Guénard 2017). While multiple
Leptanilla species have been documented in Africa, Europe, and Asia, only one
species, Leptanilla swani Wheeler, 1932 has been described from Australia thus
far. Moreover, few if any workers of L. swani have been found in the 90 years
since it was first described (Wheeler 1932; Heterick 2022; AntWeb 2024). Al-
though winged Leptanilla males have been collected in flight-interception traps
throughout the continent, the identities of these are questionable, as none oc-
cur in sympatry with definitive workers of L. swani (AntWeb 2024; Zachary Grie-
benow pers. comm.).

Here, we describe a new Leptanilla species, Leptanilla voldemort sp. nov.,
from two workers collected in the arid Pilbara region of Western Australia. Lept-
anilla voldemort sp. nov. represents the second species of Leptanilla and second
member of the subfamily Leptanillinae from the Australian continent. Notably,
workers of L. voldemort sp. nov. display a distinctly gracile morphology, charac-
terised by elongated legs, antennae, and mandibles. This remarkable phenotype
is not seen in most other Leptanilla species — including the other Australian spe-
cies, L. swani, for which new morphological measurements are hereby reported
from two workers collected proximally to the type locality of L. voldemort sp.
nov. A key to the worker caste of Leptanilla from Australia is also presented.

Methods

Photographs of specimens were obtained with an incorporated digital camera
mounted on a Leica M205C dissecting microscope through the Leica Appli-
cation Suite V4 software. A total of 33-72 images were taken and stacked
together. Morphological measurements and indices were calculated following
Griebenow et al. (2022). These are detailed below.

HW  (head width): maximum width of cranium in full-face view.

HL (head length): maximum length of head in full-face view from anterior
margin of head to cranial vertex.

SL (scape length): maximum length of scape in medial view, excluding
bulbus.

MaL (mandible length): maximum length of mandible from view orthogonal
to lateral mandibular margin, measured from ventral mandibular articu-
lation to mandibular apex.

WL (Weber's length): maximum diagonal length of mesosoma in profile
view, measured from most anterior extent of pronotum excluding cervi-
cal shield to most posterior extent of propodeal lobes, when present.
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PrW  (pronotal width): maximum width of pronotum, measured in dorsal
view.

MW  (mesonotal width): maximum width of mesonotum in dorsal view, mea-
sured immediately anterior to mesocoxal foramen.

PTL  (petiolar length): maximum length of petiole in dorsal view, not includ-
ing presclerites.

PTH (petiolar height): maximum height of petiole in profile view, including
sternal process and dorsal node, if distinct.

PTW (petiolar width): maximum width of petiole in dorsal view.

PPL  (postpetiolar length): maximum length of postpetiole in dorsal view, not
including presclerites.

PPW (postpetiolar width): maximum width of postpetiole in dorsal view.

PPH (postpetiolar height): maximum height of postpetiole in profile view, in-
cluding sternal process and dorsal node, if distinct.

Cl (cephalic index) = HW + HL x 100.

Sl (scape index) = SL + HW x 100.

Mi (mandibular index) = MaL + HW x 100.

Pl (petiolar index) = PTW = PTL x 100.

PPl  (postpetiolar index) = PPW + PPL x 100.

PPHI (postpetiolar height index) = PPH + PPL x 100.

Abbreviations of the type depositories are as follows:

ANIC Australian National Insect Collection;
WAM Western Australian Museum.

Results
Species accounts

Leptanilla voldemort Wong & McRae, sp. nov.
https://zoobank.org/6C23DA06-A060-4326-A318-991C7EB3C7A1
Figs 1-4

Type material. Holotype. AUSTRALIA + 1 worker; Western Australia, Newman;
22°44'S,119°02'E; ca 575 m a.s.l.; 8 Mar. 2023; Jane M. McRae leg.; collected
via subterranean scraping; BENNSPECIMENID_746962.1; WAM.

Paratype. AUSTRALIA * 1 worker; same data as for holotype; BENNSPECI-
MENID _746962; WAM.

Unfortunately, both the holotype and paratype specimens were brittle and
partially damaged during the mounting process. A photograph of the fully in-
tact specimens in liquid prior to mounting is shown in Fig. 1. During mounting
of the holotype, the postpetiole was disconnected from the petiole and gaster.
The paratype was similarly disconnected at the petiole and gaster. Broken seg-
ments of each specimen were glued onto its respective mount. The full-body
images of the mounted holotype in profile view (Fig. 2) and dorsal view (Fig. 3)
are composites in which the postpetiole and gaster were imaged separately in
the respective views, and subsequently reattached to the body digitally, while
ensuring consistency of scale.
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Figure 1. Workers of Leptanilla voldemort sp. nov. from Western Australia in ethanol.

Figure 2. Profile view of Leptanilla voldemort sp. nov. (holotype) from Western Australia. The postpetiole and gaster of
the specimen, which were disconnected from the main body during mounting, were imaged separately and subsequently
attached to the body digitally while ensuring consistency of scale.
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Figure 3. Dorsal view of Leptanilla voldemort sp. nov. (holotype) from Western Australia. The postpetiole and gaster of
the specimen, which were disconnected from the main body during mounting, were imaged separately and subsequently
attached to the body digitally while ensuring consistency of scale.

Measurements and indices. All measurements are in millimetres (mm).

Holotype: HW 0.26; HL 0.35; SL 0.36; MaL 0.21; WL 0.59; PrW 0.16; MW 0.12;
PTL 0.28; PTH 0.08; PTW 0.07; PPL 0.24; PPW 0.10; PPH 0.10; CI 73, SI 139, MI
81, P125, PPI 39, PPHI 42.

Paratype (n = 1): HW 0.27; HL 0.36; SL 0.35; MaL 0.20; WL 0.61; PrW 0.16;
MW 0.12; CI 75, SI 128, MI 75.

Worker description. Head. Head longer than wide (Cl = 73-75). In full-face
view (Fig. 4), posterior margin of head slightly concave. Lateral margins of head
slightly convex. Eyes absent. Anterior clypeal margin extending forward with
two rounded lobes anterolaterally and slightly concave on its anteromedian
portion. Median portion of clypeus raised; frontoclypeal process present and
concealing labrum. Mandibles long relative to head (MI = 75-81) and armed
with three teeth. Apical tooth acute and larger than subapical and basal teeth.
Basal tooth larger than subapical tooth with tip approximately perpendicular to
mandibular margin; margin distal to subapical tooth irregularly serrate. Anten-
nal insertion exposed. Antennae with 12 segments. Scape elongated, extending
well beyond mid-point of head (SI = 128-139); margins subparallel, expanding
slightly before tapering at apex. Pedicel longer than broad and constricted at
separation from scape; constriction separating pedicel from flagellum not pro-
nounced. Flagellum filiform; all flagellomeres longer than broad. Antennomere
12 approximately double the length of previous flagellomeres with apex tapered.
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Figure 4. Full-face view of Leptanilla voldemort sp. nov. (holotype) from Western Australia.

Mesosoma. In dorsal view, maximum width of pronotum (PrW = 0.16 mm)
wider than posterior portions of mesosoma (Fig. 3). In lateral view, pronotal
dorsum slightly convex, tapering along anterior margin, with posterior margin
slightly elevated above mesonotal dorsum (Fig. 2). Promesonotal suture clear-
ly visible in both lateral and dorsal view. In dorsal view, mesonotum constrict-
ed anteriorly, with lateral margins gently convex and approximating maximum
width at fusion with propodeum. In dorsal view, propodeum not constricted
anteriorly, with outline of posterior margin trapezoidal (Fig. 3). In lateral view,
propodeal dorsum raised and strongly convex, with posterior forming a strong-
ly convex propodeal declivity at an approximate 65° angle (Fig. 2). Metapleural
gland bulla and propodeal spiracle visible. Coxae robust, pro- and mesocoxae
well separated; distal leg articles elongated.

Metasoma. Metasoma elongated in both dorsal and lateral view (PL + PPL =
WL). In dorsal view (Fig. 3), petiole four times as long as wide (PI = 25), with lateral
margins subparallel at anterior and convex after mid-point to achieve maximum
width; posterior margin convex and rounded. Postpetiole longer than wide (PPI =
39), with similar shape to petiole but wider and more rounded posteriorly. In later-
al view (Fig. 2), petiole with dorsal and ventral margins subparallel at anterior and
convex after mid-point to achieve maximum height; posterior margin slightly con-
cave. Subpetiolar process absent. Postpetiole with dorsal and ventral margins
subparallel at anterior and diverging near mid-point, after which dorsal margin is
weakly convex and ventral margin is strongly concave; posterior margin concave.
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Sculpture. Sculpture absent. Most of the body slick and shiny (i.e. not a re-
sult of glare from diffusing light when imaging).

Pubescence. Pubescence present on most of the body, especially antennae
and legs, but sparse to absent on propodeum and metasoma. Numerous sub-
erect to erect setae on dorsal and ventral surfaces of pronotum, cranium, and
mandibles. Long basal and subapical setae on mandibles.

Colouration. Pale gold to amber. Colouration slightly lighter at extremities.

Castes. Male and gyne unknown.

Etymology. The species epithet pays tribute to the antagonist in the Harry Pot-
ter book series, Lord Voldemort, a terrifying wizard who, like the new ant, is slen-
der, pale, and thrives in darkness. The species epithet is a noun, and thus invariant.

Distribution. Only known from the type locality within the Pilbara region of
Western Australia.

Ecology. Leptanilla voldemort sp. nov. was collected from a hot grassland
in the north-west Pilbara, a region characterised by very hot summers (aver-
age maximum 36-39 °C), low winter minima (average minimum 6-12 °C), low
average annual rainfall (200—-350 mm), and high evaporation (average annual
potential evaporation 3200-4000 mm) (Eberhard et al. 2005). Both type speci-
mens were collected from a 25 m deep mining exploration drill hole using a sub-
terranean scraping method, whereby a weighted net was lowered to the base
of the hole and dragged four times back to the surface against the wall of the
hole (Halse and Pearson 2014). The drill hole was in a dry drainage line, with the
subterranean substrate consisting of coarse alluvium near surface over band-
ed iron formation at depth. Other organisms recorded from the drill hole in-
clude troglofaunal beetles of an unknown genus, troglofaunal flies of the genus
Allopnyxia Freeman, 1952 and troglofaunal centipedes assigned to the genus
Cryptops Leach, 1814. We are presently unable to ascertain whether colonies
of L. voldemort sp. nov. inhabit topsoil, the subsurface alluvium, or voids in the
deeper weathered banded iron formation. The colony size and structure of L.
voldemort sp. nov. is unknown.

Remarks. The worker of L. voldemort sp. nov. is easily distinguished from
the other native Australian leptanilline species, L. swani Wheeler, 1932, which is
evidently sympatric with L. voldemort sp. nov. (see new collection data below).
First, L. voldemort sp. nov. has distinctly elongated mandibles (MI = 75-81)
and antennae (S| = 128-139), while in L. swani these appendages are stouter
and shorter (Ml = 44-56, S| = 59-74). Second, L. voldemort sp. nov. possesses
metasomal segments that are two to four times longer than wide (Pl = 25, PPI
= 39), while in L. swani these segments are almost as long as wide (Pl = 56-70,
PPI = 83-100). Finally, L. voldemort sp. nov. (WL = 0.59-0.61 mm) is larger
in size than L. swani (WL = 0.35-0.45 mm). In general, the gracile phenotype
of L. voldemort sp. nov. is distinctive among the genus Leptanilla, except for
Leptanilla laventa Griebenow, Moradmand & Isaia, 2022, a species described
from Iran. Specifically, the elongated antennae and petiole of workers in both
L. voldemort sp. nov. (Sl = 128-139, PI = 25) and L. laventa (S| = 160-163,
Pl = 29-32) are not observed in other Leptanilla species (SI<100, PI>31) (Grie-
benow et al. 2022; Griebenow 2024; Qian et al. 2024). Nonetheless, workers of
L. voldemort sp. nov. can be distinguished from those of L. laventa based on
several key morphological differences. First, in dorsal view, the shape of the
petiole and postpetiole of L. voldemort sp. nov. is distinctly more elongated
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(PI = 25; PPI = 39) than in L. laventa (Pl = 29-32; PPl = 59-64.7). Second, in
lateral view, the propodeal declivity of L. voldemort sp. nov. is strongly convex
and distinctly angular, whereas that of L. laventa is weakly convex and gently
rounded. Third, in full-face view, the axis of the basal mandibular tooth of L.
voldemort sp. nov. extends almost perpendicular to the mandibular margin,
with the tip of the tooth forming an 80—90° angle with the medial mandibular
margin, whereas in L. laventa, the basal tooth is recurved, with the tip of the
tooth forming a 60-70° angle with the medial mandibular margin. Finally, L.
voldemort sp. nov. (WL = 0.59-0.61 mm) is smaller in size than L. laventa (WL
=0.74-0.85 mm).

Leptanilla swani Wheeler, 1932

Notes. Below we provide measurements for three worker specimens of L.
swani. Collection data for the first two specimens are as follows: AUSTRALIA; 2
workers; Western Australia, Newman; 22°47'S, 119°9'E; ca 537 m a.s.l.; 9 May
2022; Jane M. McRae leg.; collected via subterranean scraping; BENNSPECI-
MENID_735794 and BENNSPECIMENID_735840; WAM. Collection data for the
third specimen, a paratype of the species, is as follows: Paratype: AUSTRALIA; 1
worker; Western Australia, Chittering; 31°27'S, 116°5'E; ca. 225 ma.s.l.; D. Swan
leg.; CASENT0172006; ANIC.

BENNSPECIMENID_735794 (Fig. 5): HW 0.23; HL 0.31; SL 0.17; MaL 0.13;
WL 0.44; PrW 0.15; MW 0.14; PTL 0.15; PTH 0.11; PTW 0.08; PPL 0.11; PPW
0.09; PPH 0.13; Cl 72, SI 74, MI 56, PI 56, PPI 83, PPHI 117.

BENNSPECIMENID_735840: HW 0.22; HL 0.31; SL 0.16; MaL 0.12; WL 0.45;
Prw 0.15; MW 0.12; PTL 0.15; PTH 0.11; PTW 0.09; PPL 0.12; PPW 0.10; PPH
0.12; Cl 71, SI 72, MI 55, PI 59, PPI 87, PPHI 106.

CASENT0172006: HW 0.20; HL 0.28; SL 0.12; MaL 0.09; WL 0.35; PrW 0.13;
MW 0.11; PTL 0.11; PTH 0.10; PTW 0.08; PPL 0.08; PPW 0.08; PPH 0.10; Cl 69,
S| 59, Ml 44, P1 70, PPI 100, PPHI 125.

Figure 5. Worker of Leptanilla swani (BENNSPECIMENID_735794) a dorsal view b profile view c full-face view.
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Synoptic species list of Australian Leptanilla species

Leptanilla swani Wheeler, 1932
Leptanilla voldemort sp. nov.

Key to Australian Leptanilla species based on the worker caste

1  Elongated mandibles (Ml = 75-81), antennae (S| = 128-139), and metaso-
ma (PI = 25, PPI = 39). Large body size (WL =0.59-0.61) ......ccecorverrrrnnen.
....................................................................................... L. voldemort sp. nov.

- Stout mandibles (MI = 44-56), antennae (S| = 59-74), and metasoma
(Pl = 56-70, PPI = 83-100). Small body size (WL = 0.35-0.45)..................
............................................................................................. L. swani Wheeler

Discussion

Despite Australia being a global hotspot for ant diversity (Kass et al. 2022), Lep-
tanilla voldemort sp. nov. is only the second species of Leptanilla and second
member of the subfamily Leptanillinae known from the continent since the dis-
covery of L. swani in 1932. To this end, it is envisaged that the targeted employ-
ment of currently underutilised techniques for collecting hypogaeic ant species
such as subterranean scraping, subterranean pitfall traps, and soil extractions
(Wong and Guénard 2017) may facilitate the discovery of additional Australian
leptanilline species. The Pilbara region of north-western Australia, in particular,
is one of the oldest land surfaces on Earth (Pepper et al. 2008). Due to multiple
vicariant isolation and divergence events that have occurred with surface arid-
ification, this region harbours globally significant levels of endemic diversity in
subterranean invertebrate species (Mokany et al. 2019). The presence of both
L. swani and L. voldemort sp. nov. in the Pilbara highlights the importance of
this region for Australian leptanilline species.

Although we collected individuals of both L. voldemort sp. nov. and L. swani
within the same general locality (sites <15 km apart) in the Pilbara, the two sym-
patric species clearly exhibit contrasting morphologies. Whereas L. swani is stout
and compact (Fig. 5), L. voldemort sp. nov. is distinctly gracile (Fig. 2). We posit
that these morphological differences may relate to the species’ use of dissimi-
lar microhabitats within the subterranean environment. Given that a colony of L.
swani was collected from under a large stone (Wheeler 1932), it is reasonable to
assume that L. swani inhabits the shallower layers of soil. Moreover, the generally
compact body plan of L. swani resembles that of most other Leptanilla species
that have been collected via the sifting of topsoil (10-20 cm depth) or via the
installation of subterranean pitfall traps (10—50 cm depth) in the soil layer (Wong
and Guénard 2016, 2017). In contrast, the distinctively gracile morphology of L.
voldemort sp. nov. is unlike that of any other Leptanilla species except L. laventa
from Iran. Interestingly, L. laventa was not collected from soil, but via subterra-
nean pitfall traps buried 0.6—1 m belowground in the Milieu Souterrain Superficiel,
an underground network of empty air-filled voids and cracks developing within
multiple layers of rock fragments, located below the soil layer (Mammola et al.
2016; Griebenow et al. 2022). We can only presently speculate whether L. volde-
mort sp. nov. occupies a similar microhabitat; systematic sampling of the ants
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from different vertical sections of the subterranean column (via subterranean pit-
fall traps or excavations) coupled with measurements of climatic and structural
parameters of the substrate should provide clarification on the matter. Finally, the
elongated mandibles and large, sharp basal teeth of L. voldemort sp. nov. sug-
gest that the ants are likely specialised predators; however, it remains to be seen
whether they prey on geophilomorph centipedes, as in other species of Leptanilla
(Masuko, 1990), or other hypogaeic taxa, such as centipedes of the family Cryp-
topidae (Chilopoda, Scolopendromorpha), hypogaeic cockroaches, and pauro-
pods, all of which were collected from the same drill hole as L. voldemort sp. nov.
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Abstract

Study of divergence of freshwater fish populations between island and adjacent main-
land areas can shed light on the phylogeographical relationships of these regions.
Neodontobutis hainanensis is a freshwater fish species restricted to Hainan Island and
in Guangdong and Guangxi provinces in the southern mainland China. We examine the
phylogenetic relationship and population structure of N. hainanensis based on 3,176
nuclear loci using a gene-capture method. STRUCTURE analysis and principal coordi-
nate analyses (PCA) indicate that populations from Guangdong, Guangxi and Hainan
are each distinct, except that some individuals of the Guangdong population share mi-
nor genetic components with individuals of the Guangxi population. In the concatenated
gene tree, the Hainan population is grouped with the Guangdong population, but the
coalescent tree groups the Hainan population as the sister to the Guangxi population.
Finally, coalescent simulations confirmed the divergence pattern supported by the co-
alescent tree and revealed a one-way introgression from the Guangxi population to the
Guangdong population, which can explain the discordant results supported by the con-
catenated and coalescent phylogenetic analyses. Due to recent decline of N. hainanen-
sis populations and the genetic patterns in this species, as revealed in this study, the
populations in the three areas should be treated as separate conservation units.

Key words: Gene flow, phylogeography, population structure, southern China

Introduction

Hainan Island is the second largest island in China, with an area of 33,920 km?,
and is in the northernmost part of the South China Sea (Zhu 2020). The northern
corner of Hainan Island is separated from the Leizhou Peninsula of mainland Chi-
na by the Qiongzhou Strait, whereas the western coast of Hainan Island is sepa-
rated from Guangxi Zhuang Autonomous Region of the southern China and the
northern Vietnam by the Beibu Gulf. Besides the Qiongzhou Strait and the Beibu
Gulf, other geographic barriers, such as the Yunkai-Shiwan Mountains may also
played arole in shaping population patterns of the region’s ichthyofauna. Hainan
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Island lies at 108°36'43"-111°2'31"E and 18°10'04"-20°9'40"N (Zhu 2020) and
has a typical tropical climate. The island is home to about 138 native freshwater
fish species belonging to 90 genera and 26 families (Xiong et al. 2018). There
are 14 species endemic to Hainan Island, but most native species are also dis-
tributed on the adjacent mainland, such as in Guangdong and Guangxi (Xiong
et al. 2018). The study of the population structure and phylogeography of these
species would shed light on the biogeographical events on Hainan Island that
have shaped the patterns of its freshwater ichthyofauna.

Although the Qiongzhou Straight is much narrower than the Beibu Gulf, both
geographical and biogeographical evidence support the hypothesis that Hainan
Island might have originated as part of the northeastern Indo-China Peninsula and
adjacent Guangxi, China, but not from southeastern China, and particularly Guang-
dong (Zhu 2020). For example, flora of Hainan Island was found more closely
related to that of Guangxi and northern Vietnam than to that of Guangdong; 110
genera of plants are shared with Guangxi and Vietnam, but only seven genera are
exclusively shared with Guangdong (Zhu 2020). This pattern also is supported
by population genetics of freshwater fishes, such as dwarf snakehead, Channa
gachua (Hamilton, 1822) (Wang et al. 2021) and white cloud mountain minnow,
Tanichthys albonubes Lin, 1932 (Zhao et al. 2018). Nonetheless, the population
genetics of other freshwater fish species, which usually have a wide distribution,
may support alternative scenarios (Tsao et al. 2016; Chen et al. 2017) and com-
plex population history. For this reason, the choice of fish species is important in
revealing different facets of biogeographical events that shaped the ichthyofauna.

The genus Neodontobutis (Gobiiformes, Odontobutidae) has three to six spe-
cies (Iwata 2011; Zhou et al. 2022). Neodontobutis lani Zhou, 2022 is reported
only in Chongzuo City, southern Guangxi, China (Zhou et al. 2022). Neodonto-
butis hainanensis is distributed in southern China, including restricted areas
in Guangdong and Guangxi, and on Hainan Island (Wu and Zhong 2008). The
other species are distributed in the northern Indo-China Peninsula (Iwata 2011;
Zhou et al. 2022). Neodontobutis hainanensis is a small, benthic species inhab-
iting hill streams and backwaters (Chen et al. 2002). Being a strict freshwater
fish, of small size and with limited distribution and presumably low capacity for
migration, N. hainanensis could be an appropriate species for testing phylogeo-
graphic relationships between Hainan Island and the adjacent mainland China.

We captured and sequenced 4,434 single-copy nuclear coding loci from the
individuals of N. hainanensis collected from Hainan Island and Guangdong and
Guangxi provinces, applyied a target-gene enrichment method, and performed
phylogenetic reconstruction, STRUCTURE analysis, principal coordinate analy-
sis (PCA) and coalescent simulations to infer the relationships of the popula-
tions from these three areas and possible historical events shaping the current
genetic patterns in this species.

Materials and methods
Taxon sampling

Sixteen individuals of N. hainanensis were collected in total. Five specimens
from Haikou, Hainan Island (20.0°N, 110.2°E), 5 specimens from Chongzuo,
Zhuang Autonomous Region of Guangxi (22.8°N, 107.2°E), and six specimens
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Figure 1. Sampling sites (triangles) for three populations of Neodontobutis hainanensis: Yangjiang, Guangdong (blue),
Chongzuo, Guangxi (red) and Haikou, Hainan (green).

Table 1. Sampling information and localities of Neodontobutis hainanensis.

Voucher number Sample id Location Population id
SOU1801005-1 25461 Chongzuo, Guangxi GX
SOU1801005-2 25462 Chongzuo, Guangxi GX
SOU1801005-3 25463 Chongzuo, Guangxi GX
SOU1801005-4 25464 Chongzuo, Guangxi GX
S0uU1801005-5 25465 Chongzuo, Guangxi GX
SOuU1801010-8 20278 Haikou, Hainan HN
SOuU1801010-9 20279 Haikou, Hainan HN
SOuU1801010-10 202710 Haikou, Hainan HN
SOU1801010-11 202711 Haikou, Hainan HN
SOuU1801010-12 202712 Haikou, Hainan HN
SOuU1801011-2 CL1227_2 Yangjiang, Guangdong GD
SOuU1801011-3 CL1227_3 Yangjiang, Guangdong GD
S0uU1801013 CL1228 Yangjiang, Guangdong GD
SOU1801014-1 CL1279_1 Yangjiang, Guangdong GD
SOU1801014-3 CL1279_3 Yangjiang, Guangdong GD
SO0U1801014-4 CL1279_4 Yangjiang, Guangdong GD
Outgroups 25913 Chongzuo, Guangxi Neodontobutis lani
CL632_1 Harbin, Heilongjiang Perccottus glenii
CL1275_4 Dandong, Liaoning Odontobutis yaluensis

from Yangjiang, Guangdong province (21.9°N, 112.1°E) (Table 1; Fig. 1). The
specimens were deposited in the Fish Collection of Shanghai Ocean Univer-
sity (voucher numbers SOU1801005-1-5, SOU1801010-8-12, SOU1801011-2-3,
S0OU1801013, SOU1801014-1,-3,-4; contact person: Dr Ya Zhang, email: zhang-
ya@shou.edu.cn). Fin clips or muscle tissue samples were preserved in etha-
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nol for DNA extraction. Raw sequences of Odontobutis yaluensis, Perccottus
glenii, and Neodontobutis lani from previous studies (Li et al. 2018; Zhou et al.
2022) were used as outgroups (https://www.ncbi.nlm.nih.gov/, accessed Feb-
ruary 2023, accession number SRP127338). Detailed sample information and
sampling localities are shown in Table 1.

DNA extraction and target loci enrichment

Genomic DNA was extracted from tissue samples using an Ezup Column Animal
Genomic DNA Purification Kit (Sangon, Shanghai, China). The concentration of
extracted DNA was measured using a NanoDrop™ 3300 fluorescence spectro-
photometer, and the integrity of extracted DNA was visually checked using gel
electrophoresis. A cross-species target loci enrichment method was used to
enrich 4,434 coding regions of single-copy nuclear loci (Li et al. 2013). A set of
gobioid-specific capture probes targeting the 4,434 loci were adopted from Li et
al. (2018). Briefly, 300—-1000 ng DNA were used for library preparation for gene
enrichment according to Meyer and Kircher (2010), involving steps of shearing,
blunt ending, ligation, and gap filling. Specific short sequences called “inline in-
dex” were added on 3’ end of both P5 and P7 adaptors to allow pooling different
samples from the same population before the follow-up target enrichment steps
and to track potential cross-contamination (Wang et al. 2022). After target en-
richment, all samples were pooled in equimolar ratio for 2x 150 bp paired-end
sequencing on an lllumina HiSeq X10 lane at Genewiz (Suzhou, Jiangsu, China).

Data assemblage and multiple sequences alignment

Reads were assembled, aligned, and filtered following the ASSEXON pipeline,
which includes a series of Perl scripts for processing target enrichment data
(Yuan et al. 2019). Briefly, compressed raw reads were unzipped using gunzip_
Files.pl. Reads from each sample were separated according to the combination
of index sequences using demultiplex.pl. Adaptors and low-quality sequences
were trimmed using trim_adaptor.pl, which invokes trim_galore v. 0.4.1 (http://
www.bioinformatics.babraham.ac.uk/projects/trim_galore/). A set of 4,434 nu-
clear coding sequences of Oreochromis niloticus was used as a reference (Yuan
et al. 2019). Reads were parsed to each locus according to the reference se-
qguence and then assembled by using assemble.pl. Assembled sequences were
uploaded to Mendeley Data (https://data.mendeley.com/datasets/8rgcmdx-
rmk/1). Output files include assembled coding regions of the loci were aligned by
using mafft_aln.pl, which invokes Mafft v. 7.294b (Katoh and Standley 2013) for
aligning. Finally, poorly aligned coding sequences were excluded by using filter.pl.
Target enrichment results were summarized using statistics.pl (Yuan et al. 2019).

Phylogenetic analysis

Aligned sequences were concatenated using a Perl script concat_loci.pl in the
ASSEXON package (Yuan et al. 2019), then a Perl script, extract_DNAblocks.pl,
was used to generate a partition scheme file by codon position. A concatenated
maximume-likelihood tree including N. hainanensis from the three populations
and the outgroups was constructed using IQ-TREE v. 1.7 (Minh et al. 2020) with
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1,000 bootstrap replicates. The -spp option in IQ-TREE was applied to select the
best model for each part according to the partition scheme file.

To infer the species tree, maximume-likelihood gene trees of all loci were re-
constructed by using the Perl script construct_tree.pl in the ASSEXON package,
which generated gene trees for each loci using RAXML v. 8.0.0 (Stamatakis
2014) under the GTRGAMMA model. Then, ASTRAL v. 4.10.6 (Mirarab et al.
2014) was used to generate a coalescent species tree from all gene trees. The
resulting trees were visualized in FigTree v. 1.4.0 (Rambaut 2013).

SNPs calling

Consensus sequences were generated from the aligned sequences of N. hainan-
ensis using a Perl script consensus.plin the ASSEXON package (Yuan et al. 2019).
BWAv.0.7.16 (Li and Durbin 2009) was used to build the index from the consensus
sequence and align the trimmed raw reads of individual samples of N. hainanensis
to the consensus sequence. GATK4 (McKenna et al. 2010) was used for SNP call-
ing and filtering. VCFTOOLS v. 0.1.16 (Danecek et al. 2011) was used to exclude
loci out of Hardy-Weinberg Equilibrium with a p-value < 0.001. A custom Perl script
(veftosnps.pl) (Cheng et al. 2019) was used to convert the VCF file output from
GATK4 into NEXUS file and STRUCTURE file for PCA and STRUCTURE analysis. To
avoid linkage disequilibrium, one SNP was randomly selected for each gene locus.

Population structure analysis

Principal coordinate analyses (PCA) were conducted on the NEXUS file contained
SNP data using TBTOOLS v. 2.03 (Chen et al. 2020). Values of PC1 and PC2 were
plotted to show genetic clustering of individuals from different populations. Pop-
ulation structure was reconstructed using STRUCTURE v. 2.3.4 (Pritchard et al.
2000) with the STRUCTURE file contained SNP data. Length of burn-in period was
set as 500. The number of MCMC reps after burn-in was set as 500,000. Candi-
date genetic cluster numbers (K value) was set from 1 to 3. Each run was repeat-
ed 40 times. The output result was compressed and uploaded to “STRUCTURE
HARVESTER” (Earl and von Holdt 2012) to compute the best K value for plotting.

Testing hypotheses of divergence and migration events

FASTSIMCOAL v. 2.7 (Excoffier and Foll 2011) was used to test three possible
divergence models of N. hainanensis as well as their divergence time (genera-
tions) and potential migration events (Fig. 2). FASTSIMCOAL v. 2.7 is versatile
software that can estimate complex historical population events such as pop-
ulation resize, growth rates, and migration from site frequency spectrum (SFS).
The VCF file (*.vcf) contains SNP data was converted to Arlequin file (*.arp) using
PGDSPIDER v. 2.1.1.5 (Lischer and Excoffier 2012). ARLEQUIN v. 3.5 (Excoffier et
al. 2007) was used to generate folded joint SFS (*.obs) from the Arlequin file. The
model with the best likelihood was regarded as the optimal one to simulate the
real divergent event. According to the PCA and STRUCTURE result, single-direc-
tion migration from Guangxi population to Guangdong population is proposed.
Therefore, Migration matrix was added to the optimal model to estimate values
of migration from Guangxi to Guangdong and the opposite direction respective-
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Figure 2. Three possible divergence models of Neodontobutis hainanensis. GD: Guang-
dong population; GX: Guangxi population; HN: Hainan Island population. L represents Log
likelihood values estimated using FASTSIMCOAL 2.7 for the three non-migration models.

ly. All template files (*.tpl, see Suppl. material 1) that contain population param-
eters and estimation files (*.est, see Suppl. material 2) that contain unknown
parameters for estimation were provided in Suppl. materials 1, 2.

Results
Read assembly and SNP calling

For each sample, 1,942-2,720 loci from the 4,434 targeted ones were obtained
after assembling, aligning, and removing badly aligned sequences. A total of
3,176 loci were used for phylogenetic analysis and in the making of the consen-
sus sequence. The length of the concatenated alignments was 583,539 bp with
29.13% gaps. A total of 3,493 SNP sites were detected through GATK calling
and 996 sites were chosen subsequently for PCA, STRUCTURE analysis, and
converted to SFS for FASTSIMCOAL 2 simulations.

Phylogenetic analysis

The concatenated maximum-likelihood tree is shown in Fig. 3. Individuals of
the three populations form reciprocal monophyletic clades. The Guangdong
population is sister to the Guangxi population, and then it is grouped with the
population of Hainan Island. The ASTRAL coalescent species tree is shown in
Fig. 4. In the coalescent tree, all three populations are monophyletic as well, but
the Hainan Island population forms a clade with the Guangxi population, which
is then sister to the Guangdong population.

Population structure

The PCA result was shown in Fig. 5A. All individuals from each population
form a distinct cluster except for CL1228, which lies between the Guangdong
population and Guangxi population. The STRUCTURE result is shown in
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Figure 3. The concatenated maximum likelihood tree of Neodontobutis hainanensis. GD: Guangdong population; GX:
Guangxi population; HN: Hainan Island population.
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Figure 4. The ASTRAL coalescent tree of Neodontobutis hainanensis. GD: Guangdong population; GX: Guangxi popula-
tion; HN: Hainan Island population.

Fig. 5B. Populations from Guangdong, Guangxi, and Hainan each formed
distinct groups. However, some individuals in the Guangdong population,
particularly CL1228 share some genetic components with individuals of
Guangxi.
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Estimation on population historical events

Log-likelihood values estimated by using FASTSIMCOAL v. 2.7 for the three
non-migration models are shown in Fig. 2. The model which grouped the Guangxi
population and the Hainan Island population as sister groups (Fig.2C) showed
best likelihood, indicating that it was the optimal model to explain real divergent
events. According to the result of the STRUCTURE analysis, introgression from
the Guangxi population to the Guangdong population is obvious, so the relevant
migration option is added to the best non-migration model. The final historical
population events estimated by FASTSIMCOAL v. 2.7 is shown in Fig. 6. The
Guangdong population diverged from the common ancestor of Neodontobutis
52,445 generations ago, then the Hainan Island population and the Guangxi
population diverged around 31,855 generations ago. The migration value from
Guangxi populations to Guangdong population and the opposite direction were
4.41820 e*and 1.54779 e, respectively, indicating one-way introgression of N.
hainanensis from the Guangxi population to the Guangdong population.

A B

GD

25
15 10 5 0 -5

-0 -15 20 -25

PC 1 (26.79%)

Figure 5. Result of principal component analysis (A) and population structure (B) on Neodontobutis hainanensis. GD:
Guangdong population; GX: Guangxi population; HN: Hainan Island population.
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generations
N
T 52,445
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Figure 6. Historical population models simulate using FASTSIMCOAL 2.7. GD: Guangdong population; GX: Guangxi pop-
ulation; HN: Hainan Island population.
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Discussion
High population differentiation of Neodontobutis hainanensis

Both concatenated tree and species tree show that the three N. hainanen-
sis populations are monophyletic. The PCA and STRUCTURE results show
that despite some mixture in the Guangdong population, genetic composi-
tions of the three populations are largely distinct. All results indicate that
the three populations of N. hainanensis are highly differentiated. Because N.
hainanensis is strictly freshwater fish of small body size, with a benthic habit,
and presumably lacks planktonic eggs or a larval stage (lwata et al. 20071;
Iwata 2011), its capacity for migration may be limited. Similar phenomenon
was also found in Perccottus glenii Dybowski, 1877 in northeastern China
(Zhang et al. 2021), Channa gachua around Beibu Gulf (Wang et al. 2021),
and Tanichthys albonubes in southern China and northern Vietnam (Zhao
et al. 2018). In contrast, populations of Hemiculter leucisculus (Basilewsky,
1855) in Guangdong, in Guangxi, and on Hainan Island (Chen et al. 2017) do
not show evident differentiation. The different patterns might be due to that
H. leucisculus is an active pelagic fish with wider distribution, indicating its
relatively high migration ability or incomplete lineage sorting due to large
effective population size.

Phylogenetic relationship of three populations of Neodontobutis
hainanensis

Although the three N. hainanensis populations were found to be monophyletic
in both the concatenated tree and the coalescent tree, their phylogenetic rela-
tionship shows discordance. In the concatenated tree, the Guangxi population
is sister of Guangdong population, but in the coalescent tree the Guangxi pop-
ulation is the sister to Hainan Island population. The results of FASTSIMCOAL
v. 2.7 analysis corroborates the divergent history shown by the coalescent tree.
Both PCA and STRUCTURE analyses indicate that migration occurred from the
Guangxi population to the Guangdong population, which was confirmed by the
FASTSIMCOAL v. 2.7 analyses. The migration from the Guangxi population to
the Guangdong population might explain the discrepancy between the concat-
enated tree and the coalescent tree.

Reconstruction of the divergent events in Neodontobutis hainanensis

According to the results of species tree, PCA, STRUCTURE analysis, and
FASTSIMCOAL v. 2.7 simulation, Indo-China Peninsula and the adjacent
Guangxi are supposed to be at the center of diversity of the genus Neodon-
tobutis, with two species (N. hainanensis, N. lani) distributed in Guangxi and
presumably four species, N. auarmus (Vidthayanon, 1995), N. tonkinensis
(Mai, 1978), N. ngheanensis Nguyen & Nguyen, 2011, and N. macropectoralis
(Mai, 1978), found on the Indo-China Peninsula (Vietnam, Laos, and Thai-
land) (Iwata 2011; Zhou et al. 2022). We postulate that N. hainanensis might
have originated in Guangxi and probably adjacent Hainan Island, which was
connected with Guangxi and northern Vietnam during last glacial period due
to lower sea levels (Yao et al. 2009). From there, N. hainanensis dispersed
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downstream of the Pearl River in Guangdong. Due to low migration ability
of N. hainanensis and presumed vicariance events, the Guangdong popula-
tion diverged from the common ancestor of Guangxi and Hainan population.
After the sea level rose, Beibu Gulf formed, which resulted in divergence
between the Guangxi population and the population of Hainan Island. A sim-
ilar pattern of divergence is also observed in Channa gachua, Tanichthys
albonubes, and Opsariichthys hainanensis Nichols & Pope, 1927, in which
Hainan populations have closer relationships with Guangxi or Viethamese
populations than Guangdong populations (Zhao et al. 2018; Zhang et al.
2020; Wang et al. 2021). Nonetheless, populations of Aphyocypris norma-
lis Nichols & Pope, 1927 and Garra orientalis Nichols, 1925 from northern
Hainan Island are genetically closer to their Guangdong population (Chen
and Jang-Liaw 2023; Yang et al. 2016), but the populations of southern or
southwestern Hainan Island of these species were genetically distinct, indi-
cating potentially independent origins, probably from the northern Indo-Chi-
na Peninsula.

Besides the Qiongzhou Strait and the Beibu Gulf, the Yunkai-Shiwan Moun-
tains may also be a significant barrier that shaped the genetic patterns of
N. hainanensis. One-way introgression from the Guangxi population to the
Guangdong population was detected from both STRUCTURE and FASTSIM-
COAL v. 2.7 analyses. That may have caused by sporadic dispersal events, be-
cause the two populations are not in the same river system. Potential river-cap-
ture events await further study using species with similar distribution patterns.

Due to the recent population decline in N. hainanensis, we failed to col-
lect more samples from each population. However, by utilizing genome-wide
SNPs from thousands of loci in this study, we were able to mitigate the im-
pact of having a limited number of individuals per population and still obtain
valuable information. More samples from different populations of N. hainan-
ensis as well as from other species of Neodontobutis from Vietnam would
help to investigate the history of divergence in the genus. Excavating a com-
plete fossil of the Odontobutidae also should help to precisely testing relevant
geographical timeframe in southern China and on the Indo-China Peninsula.
Because the recent decline of N. hainanensis and the distinct genetic patterns
of the three populations revealed in this study, we recommend that the pop-
ulations of N. hainanensis from Guangdong, Guangxi and Hainan should be
treated as separate conservation units.

Conclusion

Neodontobutis hainanensis from Hainan Island, upstream and downstream of
the Pearl River basin are distinct. The population of upstream Pearl River is
sister group to the population of Hainan Island. One-way introgression from the
population of upstream Pearl River to the population of downstream was sup-
ported by both population structure analysis and coalescent simulation.
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Abstract

A new species of gekkonid, Hemiphyllodactylus gengmaensis sp. nov., is described
based on six specimens from Gengma Dai and Wa Autonomous County, Yunnan, China.
The new species can be distinguished from its congeners by a significant genetic di-
vergence of greater than 9.7% in the mitochondrial ND2 gene and a combination of the
following characters: a maximum SVL of 43.24mm; 8 or 9 chin scales; six circumnasal
scales; 2 or 3 internasal scales; 9—11 supralabial scales; 8 or 9 infralabial scales; 11-18
dorsal scales; 8—10 ventral scales; a manual lamellar formula of 5-5-5-4 or 5-6-5-4
and a pedal lamellar formula of 5-5-6-5; 20-25 precloacal and femoral pore-bearing
scales contiguous in males; dark postorbital stripes or striping on body; dark dorsal
transverse blotches present; and a brown postsacral mark bearing anteriorly projecting
arms. The discovery of this new species brings the number of Hemiphyllodactylus spe-
cies in Chinato 15.

Key words: Gengma Dai and Wa Autonomous County, Hemiphyllodactylus gengmaensis
sp. nov., integrative taxonomy, molecular phylogeny, slender gecko

Introduction

Species of the genus Hemiphyllodactylus Bleeker, 1860 are small nocturnal
geckos (SVL < 63 mm) distributed in South Asia, Southeast Asia, South China,
and the Indo-Pacific region (Zug 2010; Grismer et al. 2013, 2018a; Agarwal et
al. 2019; Eliades et al. 2019; Agung et al. 2021, 2022). Furthermore, all Hemi-
phyllodactylus are well camouflaged, occur in low densities, are forest-dwell-
ing, and have small populations (Zug 2010; Grismer et al. 2013, 2018a;
Agarwal et al. 2019; Eliades et al. 2019; Agung et al. 2021, 2022). Hence,
Hemiphyllodactylus was considered to a low-diversity taxon (Zug 2010) until
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Grismer et al. (2013) revealed its high diversity using integrative taxonomy. In
the following decade, the number of species within the group has increased
from 12 to 54 (Uetz et al. 2023).

In China, Hemiphyllodactylus species have also been overlooked. The first
species of slender geckos known from China is Gehyra yunnanensis (Bouleng-
er, 1903), then “Smith revised its taxonomic status, placing it in the genus Hemi-
phyllodactylus” (Zug 2010). Zhou et al. (1981) recognized three subspecies of
H. yunnanensis based on the digital lamellae patterns of specimens collected
in Yunnan, Guizhou, and Guangxi Zhuang Autonomous Region, China: H. y. du-
shanensis Zhou & Liu, H. y. jinpingensis Zhou & Liu, and H. y. longlingensis Zhou
& Liu. However, for the subsequent 32 years, most of Chinese slender geckos
were regarded as simply H. yunnanensis, until Grismer et al. (2013) elevated
these three subspecies to full species rank. Subsequently, nine additional spe-
cies were incrementally recorded from China: H. zugi Nguyen, Lehmann, Le
Duc, Duong, Bonkowski & Ziegler, 2013; H. changningensis Guo, Zhou, Yan & Li,
2015; H. huishuiensis Yan, Lin, Guo, Li & Zhou, 2016; H. hongkongensis Sung,
Lee, Ng, Zhang & Yang, 2018; H. zayuensis Jiang, Wang & Che, 2020; H. dupan-
glingensis Zhang, Qian & Yang, 2020; H. zhutangxiangensis Agung, Grismer,
Grismer, Quah, Chornelia, Lu & Hughes, 2021; H. simaoensis Agung, Chornelia,
Grismer, Grismer, Quah, Lu, Tomlinson & Hughes, 2022; and H. yanshanensis
Agung, Chornelia, Grismer, Grismer, Quah, Lu, Tomlinson & Hughes, 2022. The
fourteenth species, H. typus Bleeker, 1860, as a widely distributed species, its
actual coordinate data for distribution in China is unavailable (Agung et al.
2021; Uetz et al. 2023). According to recent genus-wide molecular phylogenet-
ic studies, all Hemiphyllodactylus species in China belong to the typus group,
and they are divided into four clades (Grismer et al. 2013, 2014a, 2014b, 2017,
2018a, 20204, 2020b; Ngo et al. 2014; Agung et al. 2021, 2022): both clade
3 (H. longlingensis, H. zhutangxiangensis, H. zayuensis, and H. changningen-
sis) and clade 4 (H. jinpingensis and H. simaoensis) of Agung et al. (2022)
colonized China from western Indochina, and both clade 6 (H. dushanensis,
H. hongkongensis, H. dupanglingensis, H. zugi, H. huishuiensis, and H. yanshan-
ensis) and clade 7 (H. yunnanensis) of Agung et al. (2022) colonized China
from eastern Indochina.

During our herpetological survey in Banxing Village, Gengma Dai and Wa
Autonomous County, Yunnan, China, we collected six specimens belonging to
the genus Hemiphyllodactylus. These specimens are distinguished from known
species of Hemiphyllodactylus based on molecular and morphological data.
Therefore, we describe them as a new species below.

Materials and methods
Sampling

Six specimens were collected from in Banxing Village, Gengma Dai and Wa
Autonomous County of Yunnan Province in China on 15 May 2014 (Fig. 1). All
specimens were preserved in 80% ethanol, and their muscle and liver tissues
were preserved in 95% ethanol. Specimens were deposited in Kunming Insti-
tute of Zoology (KIZ), Chinese Academy of Sciences (CAS).
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Figure 1. Distribution map of the genus Hemiphyllodactylus in Yunnan Province, China.

Molecular data and phylogenetic analyses

We used Trelief Hi-Pure Animal Genomic DNA Kit for genomic DNA extraction
following the manufacturer's protocol (https://www.tsingke.com.cn). We am-
plified and sequenced the complete mitochondrial NADH dehydrogenase sub-
unit 2 gene (ND2), totaling 1,038 bp useing the primers L4437b and H5934
(Macey et al. 1997). The protocol for polymerase chain reaction (PCR) amplifi-
cations followed Agung et al. (2021). Genomic DNA extraction, PCR processes,
and sequencing were executed at Beijing Tsingke Biotechnology Co., Ltd. All
specimen sequences have been deposited in GenBank, with accession num-
bers from PP540021 to PP540025 .
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Table 1. List of specimens used for phylogenetic analyses in this study.

Species
H. harterti
H. harterti
H. indosobrinus
H. flaviventris
H. flaviventris
H. flaviventris
H. flaviventris
H. flaviventris
H. arakuensis
H. aurantiacus
H. aurantiacus
H. jnana
H. jnana
H. jnana
H. jnana
H. kolliensis
H. kolliensis
H. zwegabinensis
H. pinlaungensis
H. pinlaungensis
H. pinlaungensis
H. kyaiktiyoensis
H. kyaiktiyoensis
H. kyaiktiyoensis
H. kyaiktiyoensis
H. khlonglanensis
H. khlonglanensis
H. khlonglanensis
H. khlonglanensis

H. zhutangxiangensis
H. zhutangxiangensis
H. zhutangxiangensis
H. zhutangxiangensis
H. zhutangxiangensis

H. longlingensis

H. longlingensis

H. longlingensis

H. longlingensis

H. zalonicus
changningensis
changningensis
changningensis
changningensis
changningensis
changningensis
changningensis
H. changningensis
H. gengmaensis sp.
H. gengmaensis sp.
H. gengmaensis sp.
H. gengmaensis sp.
H. gengmaensis sp.

TT T T T T

nov.
nov.
nov.
nov.
nov.

GenBank no.

KF219760
KF219761
JN393935
MG322161
MG322162
MG322163
MG322164
MG322165
MK570109
MK570110
MK570111
MK570112
MK570113
MK570114
MK570115
MK570116
MK570117
MT028174
MT028166
MT028167
MT028168
MT028146
MT028147
MT028148
MT028149
MG322153
MG322154
MG322155
MG322156
MW962150
MW962151
MW962152
MW962153
MW962154
FJ971045
FJ971046
FJ971047
FJ971048
MW039150
ON676073
ON676074
ON676075
ON676076
ON676077
ON676078
ON676079
ON676080
PP540023
PP540024
PP540022
PP540021
PP540025

Locality
Bukit Larut, Malaysia
Bukit Larut, Malaysia
Champasak, Pakxong, Laos
Chanthaburi, Thailand
Chanthaburi, Thailand
Chanthaburi, Thailand
Chanthaburi, Thailand
Chanthaburi, Thailand
Araku, Visakhapatnam District, Andhra Pradesh, India
Yercaud, Salem District, Tamil Nadu, India
Yercaud, Salem District, Tamil Nadu, India
Bangalore, Karnataka, India
Bangalore, Karnataka, India
Bangalore, Karnataka, India
Bangalore, Karnataka, India
Kolli Hills, Namakkal, Tamil Nadu, India
Kolli Hills, Namakkal, Tamil Nadu, India
Zwegabin Mountain, Kayin State, Myanmar
Pinlaung City, Shan State, Myanmar
Pinlaung City, Shan State, Myanmar
Pinlaung City, Shan State, Myanmar
Mon State, Myanmar
Mon State, Myanmar
Mon State, Myanmar
Mon State, Myanmar
Kamphaeng Phet, Thailand
Kamphaeng Phet, Thailand
Kamphaeng Phet, Thailand
Kamphaeng Phet, Thailand
Zhutangxiang town, Lancang Lahu, Yunnan, China
Zhutangxiang town, Lancang Lahu, Yunnan, China
Zhutangxiang town, Lancang Lahu, Yunnan, China
Zhutangxiang town, Lancang Lahu, Yunnan, China
Zhutangxiang town, Lancang Lahu, Yunnan, China
Longyang District, Baoshan, Yunnan, China
Longyang District, Baoshan, Yunnan, China
Longyang District, Baoshan, Yunnan, China
Longyang District, Baoshan, Yunnan, China
Zalon Taung National Forest, Ban Mauk, Sagaing, Myanmar
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Gengma Dai and Wa Autonomous County, Yunnan, China
Gengma Dai and Wa Autonomous County, Yunnan, China
Gengma Dai and Wa Autonomous County, Yunnan, China
Gengma Dai and Wa Autonomous County, Yunnan, China
Gengma Dai and Wa Autonomous County, Yunnan, China
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Voucher information

LSUHC 10383
LSUHC 10384
FMNH 258695
ZMKU TM001204N
ZMKU TM001205N
ZMKU TM001206N
ZMKU TM001207N
ZMKU TM001208N
BNHS 2275
AK 237
AMB s.n.

CES G174
CES G173
CYLO1
CES G470
CES G138
AK 276
LSUHC 14184
LSUHC 14263
LSUHC 14264
LSUHC 14265
LSUHC 14030
LSUHC 14031
LSUHC 14032
LSUHC 14033
ZMKU TMO000999N
ZMKU TM001000N
ZMKU TMOO01001N
ZMKU TM001002N
KIZ061163
KlZ061164
KIZ061165
KIZ061166
KlZ061167
isolate N30
NJNUhOO0104
isolate N32
isolate N33
ZMMU R 16635
KIZ 061990
KIZ 061991
KIZ 061992
KIZ 061993
KIZ 061994
KIZ 061995
KIZ 061996
KIZ 061997
2014002297
2014002298
2014002299
2014002300
2014002302
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A total of 47 ND2 sequences from GenBank, containing 2 ND2 sequences of
outgroup taxa (Hemiphyllodactylus harterti Werner, 1900) and 45 sequences of
extant Hemiphyllodactylus species, was downloaded; these with our five new
sequences are listed in Table 1. Sequences were assembled and manual proof-
read in SeqMan (DNASTAR, Inc., Madison, WI, USA), then aligned using Clustal
W (Thompson et al. 1994) implemented in MEGA 7 (Kumar et al. 2016). For
phylogenetic relationships analysis, we considered maximum likelihood (ML)
and Bayesian inference (Bl) using IQ-TREE v. 2.2.0 (Nguyen et al. 2015) and
MrBayes v. 3.2.7a (Ronquist et al. 2012) in the Phylosuite application (Zhang
D et al. 2020; Xiang et al. 2023), respectively. After alignment, we used Gblock
0.91b (Talavera and Castresana 2007) to remove misaligned positions. Mod-
elFinder v. 2.2.0 (Kalyaanamoorthy et al. 2017) was used to select the best-fit-
ting model of evolution based on the Bayesian Information Criterion (BIC). A
maximum-likelihood (ML) analysis was conducted using TPM+F+G4 as the
best-fit substitution model for codon position one, TPM+F+G4 for position two,
and TIM+F+G4 for position three. We applied 1,000 bootstrap pseudoreplicates
with the ultrafast bootstrap approximation algorithm (UFBoot) (Agung et al.
2021), where nodes having values 95 and above were considered highly sup-
ported (Minh et al. 2013). A Bayesian-inference (Bl) analysis was conducted
using GTR+I+G+F model following the methods by Agung et al. (2021), except
that instead of discarding 10% of the trees, we discarded the first 25% of the
sampled as burn-in. Nodes with Bayesian posterior probabilities (BPP) of 0.95
and above were considered highly supported (Huelsenbeck et al. 2001; Wilcox
et al. 2002). Uncorrected pairwise divergences were calculated using MEGA 7
(Kumar et al. 2016).

Morphological data

Mensural data were taken with a digital calipers to the nearest 0.01 mm under
a dissecting microscope (Jiangnan XTB-01) following Zug (2010), Grismer et
al. (2013), and Agung et al. (2021): snout-vent length (SVL), taken from the
tip of the snout to the vent; tail length (TL), taken from the vent to the tip of
the tail; trunk length (TrunkL), 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; head length (HL), measured from the posterior
margin of the retroarticular process of the lower jaw to the tip of the snout;
head width (HW), measured at the angle of the jaws; eye diameter (ED), the
greatest horizontal diameter of the eyeball; snout-eye length (SnEye), mea-
sured from anterior-most margin of the eyeball to the tip of snout; nares—eye
length (NarEye), measured from the anterior margin of the eyeball to the pos-
terior margin of the external nares; and snout width (SnW), measured between
the external nares.

For meristic characters and color pattern, we measured and evaluated them
according to the methods of Agung et al. (2021).

Results

Our results of ML and Bl analyses were similar to those obtained by Agung et
al. (2021): the specimens from Gengma County were recovered as members
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Figure 2. Maximum-likelihood consensus tree based on 1038 bp mitochondrial ND2 gene. Numbers by the nodes indi-

cate ML bootstrap support values.

of Clade 3 in both ML and Bl analyses (Figs 2, 3), which includes Hemiphyllo-
dactylus longlingensis, H. zalonicus, H. changningensis, and H. zhutangxian-
gensis. The mean percentage of uncorrected pairwise distance between the
Gengma County specimens and H. changningensis is 9.7% (Table 2). Further-
more, the new species also could be distinguished from its congeners by body
proportions, CN, VS, Lamellar formulae hands and feet 1I-V, SL1T and total
number of femoroprecloacal pores. Therefore, we describe them here as a

new species.
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Figure 3. Phylogenetic tree by Bayesian inference based on 1038 bp mitochondrial ND2 gene. Numbers by the nodes

indicate posterior probability values of the BI.

Taxonomic account

Hemiphyllodactylus gengmaensis sp. nov.
https://zoobank.org/16760DC6-5331-4742-A5FE-FD3F6E42DACS

Figs 4,5

Material. Holotype. 2014002302, adult female, collected by Hong Hui on 15
May 2014 from Banxing Village, Gengma Dai and Wa Autonomous County, Yun-
nan, China (23.517°N, 98.925°E, at an elevation of 664 m).
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Table 2. The mean percentage of the uncorrected p—distance among the Hemiphyllodactylus species studied based on
mitochondrial ND2 gene fragments.

Species name (n) 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. H. longlingensis (4) -
2. H. khlonglanensis (4) 250 -
3. H. flaviventris (5) 417 349 -
4. H. arakuentris (1) 354 | 352 | 33.1 -
5. H. aurantiacus (2) 373 339 306 269 -
6. H. jnana (4) 36.6 351 | 30.1 204 171 -
7. H. kolliensis (2) 341 345 304  21.8 16.5 | 10.0 -
8. H. kyaiktiyoensis (4) 27.3 1 203  36.3  41.3  39.2 | 350 36.7 -
9. H. pinlaungensis (3) 28.7 | 231 | 444 | 4471 381 | 36.6 37.7  13.1 -
10. H. zwegabinensis (1) 25.6 | 231 399 425 379 371 36.0 17.7 | 21.6 -
11. H. zalonicus (1) 16.1 1 17.8  40.2  29.3 | 350 328 327 220 252 257 -
12. H. zhutangxiangensis (5) 219 19.2 | 388 | 30.2 334 31.0 282 249 | 264 | 269 16.6 -
13. H. changningensis (8) 233 230 385 351 363 354 344 258 283 27.0 145 222 -

14. H. gengmaensis sp.nov. (5) | 19.8 | 22.7 | 37.3 | 322 ' 31.2 | 322 345 245 263 247 115 191 | 97 03

Paratypes. 2014002297, 2014002298, 2014002299, adult females,
2014002300, 20140022301, adult males, collected at the same locality as the
holotype on 15 May 2014.

Diagnosis. Hemiphyllodactylus gengmaensis sp. nov. can be distinguished
from its congeners by the combination of the following characters: maximum
SVL of 43.24 mm; 89 chin scales; enlarged postmentals; 6 circumnasal scales;
2-3 internasal scales; 9-11 supralabial scales; 8-9 infralabial scales; 11-18
dorsal scales; 8-10 ventral scales; a manual lamellar formula of 5-5-5-4 or
5-6-5-4 and a pedal lamellar formula of 5-5-6-5; 20-25 precloacal and
femoral pore-bearing scales contiguous in males. dark postorbital stripes or
striping on body; dark dorsal transverse blotches; and a brown postsacral mark
bearing anteriorly projecting arms.

Description of holotype. Adult female, SVL 38.52 mm; head triangular in dor-
sal profile, depressed, distinct from neck (HL 10.80 mm; HW 7.36 mm); lores
flat; snout short (SnEye 3.94 mm; SnEye/HL 36%), narrow (SnW 1.78 mm; SnW/
HW 24%); eye large (ED 2.12 mm; ED/HL 20%); rostral scale wider than high,
bordered posteriorly by two large supranasals and three internasals (IS); nares
bordered anteriorly by rostral scale, ventrally by first and second supralabial
scale, dorsally by supranasal scale, posteriorly by three postnasals; supralabi-
als square, 10/9 (left/right), tapering from rostral to a point in line with posterior
margin of orbit (SL); infralabials square, 9/9 (left/right), tapering from mental to
a point in line with posterior margin of orbit (IL); scales on head small, rounded,
largest on rostrum; mental triangular, eight chin scales touching internal edges
of infralabials from juncture of the second and the third on left and right and
mental scale (Chin); scales in gular region rounded, non-overlapping, becom-
ing larger and more ovoid on venter. Robust body type and small, (TrunkL/SVL
45%), dorsoventrally compressed; dorsal body scales small, granular, 18 dor-
sal scales at midbody contained within one eye diameter; ventral body scales
smooth and flat, much larger than dorsal scales, subimbricate, 10 ventral
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Figure 4. Hemiphyllodactylus gengmaensis sp. nov. A holotype, 2014002302, dorsal view in alcohol B holotype,
2014002302, ventral view in alcohol C paratype, 2014002301, dorsal view in alcohol.

scales at midbody contained within one eye diameter; granular scales on the
limbs; finger | is vestigial, clawless, and with rectangular subdigital lamellae,
while fingers 1I1-V are well developed; the proximal subdigital lamellae are undi-
vided and rectangular, while the distal subdigital lamellae are divided, angular,
U-shaped, except for the terminal lamellae, which are rounded and undivided;
the forefoot and hindfoot digital formulae are unidentifiable; white cloacal spur
present, one on each side. Tail length (TL/SVL = 73%), with dorsal scales on the
tail larger than those on the body and head, but smaller than the subcaudals.
The ventral scales are large and flat.

Coloration in ethanol. The dorsal surface of head and body is light brown;
dark brown stripes extend from the posterior corner of the eye socket to the
neck; the back is covered with irregular, dark-brown stripes that interconnect to
form a net-like pattern; the dorsal surfaces of the limbs are brown, with irreg-
ular, dark-brown stripes; the tail is brown, with several dark-brown, transverse
stripes; the regenerated tail is gray and without transverse stripes; the ventral
surfaces of the head and limbs are cream-grey.
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Figure 5. Paratype (2014002301) of Hemiphyllodactylus gengmaensis sp. nov. A, B lateral views of head, red lines indicate
IL and SL, respectively C ventral view, red lines indicate chin scales D ventral view, red lines indicate femoroprecloacal pores.

Variation. Variation of mensural and meristic data are presented in Table 3.
Dark dorsal transverse blotches on the body of this species are relatively small,
with those of two specimens (2014002302, 2014002300) being indistinct and
fragmented. Furthermore, females are slightly larger than males. The post-
sacral mark, bearing anteriorly projecting arms, of one individual (2014002300)
is indistinct, possibly due to prolonged preservation.

Distribution. This species is currently known to be distributed at the type
locality Banxing Village, Gengma Dai and Wa Autonomous County of Yunnan
Province in China (Fig. 1).

Natural History. Hemiphyllodactylus gengmaensis sp. nov. was found at an
elevation of 664 m a.s.|., around 21:00. The specimens were found on a restau-
rant’s wall, which was rough and with crevices. When illuminated with a flash-
light, the animals quickly crawled into the crevices.

Etymology. The scientific name “gengmaensis” is derived from its type local-
ity Gengma Dai and Wa Autonomous County in Yunnan province. We suggest
Gengma Slender Gecko in English and “Hk & -t fil % (Géng Ma Ban Ye Zhi Hu)”
in Chinese.

Comparisons. We compared the morphology of the new species against its
closely related species, specifically species from clade 3, as inferred from the
phylogeny we constructed (Table 4). In terms of body proportions, H. geng-
maensis sp. nov. has a longer head which separates it from H. longlingensis, H.
zalonicus, H. changningensis, and H. zhutangxiangensis (HL/SVL = 0.26-0.31
versus 0.22-0.24,0.22-0.23,0.22-0.25, 0.17-0.20, respectively); greater SnW
distance (SnW/HW = 0.22-0.33 versus 0.15-0.18,0.21,0.16-0.20, 0.16-0.21,
respectively); the new species has a shorter SnEye distance which separates it
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from H. longlingensis, H. changningensis, and H. zhutangxiangensis (SnEye/HL =
0.36-0.41 versus 0.42-0.45, 0.41-0.49, 0.53-0.60, respectively); shorter head
width (HW/HL = 0.64-0.74 versus 0.75-0.80, 0.72-0.80, 1.03-1.13, respec-
tively); it has a shorter NarEye compared to H. changningensis and H. zhutangx-
iangensis (NarEye/HL = 0.24-0.30 versus 0.30-0.37, 0.39-0.4, respectively);
smaller eyes compared to H. zalonicus and H. zhutangxiangensis (ED/HL =
0.20-0.24 versus 0.23-0.30, 0.30-0.36, respectively). In terms of scalation,
the new species has more CN can be distinguished from H. longlingensis, H.
zalonicus, H. changningensis, and H. zhutangxiangensis (CN = 6 versus 4-5, 5,
3-4, 5, respectively); more VS compared to H. longlingensis, H. changningen-
sis, and H. zhutangxiangensis (VS = 8-10 versus 6-7, 6—8, 5-7, respectively);
the new species has more femoroprecloacal pores which separates it from H.
zalonicus, H. changningensis, and H. zhutangxiangensis (20-25 versus 16-20,
19-22, 20-23, respectively). For the lamellar and coloration, the new species
differs from H. longlingensis, H. zalonicus, and H. changningensis by having
more lamellae on the hand (5-5(6)-5-4 versus 3-4-4-4(3), 3-3(4)-3(4)-
3(4) and 3-3(4)—3(4)-3, respectively); differs from H. zalonicus, H. changnin-
gensis, and H. zhutangxiangensis by having more lamellae on first fingers (SL1T
= 6 versus 4, 3—4, 4-5, respectively). Furthermore, H. gengmaensis sp. nov. has
dark transverse blotches on the dorsum, which H. zalonicus does not have.
The new species has a dark, reticulate dorsal pattern, which H. zalonicus and
H. zhutangxiangensis do not have. It has a postsacral marking with anteriorly
projecting arms, which is absent in H. zalonicus and H. changningensis.

Table 3. Mensural (in mm), meristic, color pattern, and proportions of the type series of Hemiphyllodactylus gengmaensis
sp. nov. (=) = data unavailable. (*) = regenerated tail.

Character

Sex

SVL

TL

TrunkL

HL

HW

ED

SnEye
NarEye
SnwW
TrunkL/SVL
HL/SVL
HW/SVL
HW/HL
SnEye/HL
NarEye/HL
ED/HL
SnW/HL
ED/NarEye
Snw/HW
Chin

Holotype Paratypes
2014002302 2014002300 2014002299 2014002297 2014002298 2014002301
Female Male Female Female Female Male
38.52 35.24 36.5 40.86 43.24 39.45
28.22 - 9.18* - - 15.34*
17.46 17.54 17.6 21.6 23.22 18.82
10.80 10.80 10.24 11.24 11.14 11.24
7.36 6.94 6.88 7.86 8.2 7.74
212 2.56 2.16 2.62 2.6 2.34
3.94 3.88 4.02 4.5 4.52 4.3
2.78 2.74 2.96 3.04 3.32 2.72
1.78 1.78 1.6 1.84 2.72 1.7
0.45 0.50 0.48 0.53 0.54 0.48
0.28 0.31 0.28 0.28 0.26 0.28
0.19 0.20 0.19 0.19 0.19 0.20
0.68 0.64 0.67 0.70 0.74 0.69
0.36 0.36 0.39 0.40 0.41 0.38
0.26 0.25 0.29 0.27 0.30 0.24
0.20 0.24 0.21 0.23 0.23 0.21
0.16 0.16 0.16 0.16 0.24 0.15
0.76 0.93 0.73 0.86 0.78 0.86
0.24 0.26 0.23 0.23 0.33 0.22
8 9 8 9 9 8
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Character Holotype Paratypes
2014002302 2014002300 2014002299 2014002297 2014002298 2014002301

CN 6 6 6 6 6 6
IS 3 2 2 3 3 2
SL (left/right) 10/9 10/10 10/11 10/9 10/9 10/10
IL (left/right) 9/9 9/9 8/8 9/9 9/9 9/9
VS 10 9 9 8 8 9
DS 18 14 11 15 15 16
Lamellar formulae - - - - 5-5-5-4 -
hands 1=V (left)
Lamellar formulae - - - - 5-6-5-4 -
hands 11-V (right)
Lamellar formulae - - - - 5-5-6-5 -
foot II-V (left)
Lamellar formulae - - - - 5-5-6-5 -
foot lI-V (right)
SL1F - - - - 5 -
SL1T - - - - 6 -
Precloacal and - 0 - - - 0
femoral pore series
separate (1) or
continuous (0)
Total 0 20 0 0 0 25
femoroprecloacal
pores
CloacS on each side 1 1 1 1 2 1
Subcaudals No No No No No No
enlarged, plate—like
Dark postorbital Yes Yes Yes Yes Yes Yes
stripe
Dorsolateral light— No No No No No No
colored spots on
trunk
Dark dorsolateral No No No No No No
stripe on trunk
Dark ventrolateral No No No No No No
stripe on trunk
Dark dorsal Indistinct Indistinct Yes Yes Yes Yes
transverse blotches
Dark reticulate Indistinct Yes Yes Indistinct Yes Yes
pattern on dorsum
Postsacral marking Yes indistinct Yes Yes Yes Yes
anteriorly projecting
arms

Table 4. Diagnostic characters separating Hemiphyllodactylus gengmaensis sp. nov. from other nominal taxa of Hemi-
phyllodactylus within clade 3 of Agung et al. (2022). (—) = data unavailable. Mensural characters are in mm. Data for
H. zalonicus and H. longlingensis were obtained from Grismer et al. (2020a). Data for H. changningensis were obtained
from Guo et al. (2015). Data for H. zhutangxiangensis were obtained from Agung et al. (2021).

Character H. gengmaensis sp. nov.  H. longlingensis H. zalonicus | H. changningensis = H. zhutangxiangensis
Max SVL 43.24 45.7 37.7 43.8 44.42
n 6 - 2 10 13
TrunkL 17.46-23.22 - 18.1-18.9 17.4-22.5 16.1-23.1
HL 10.8-11.24 - 8.4-8.5 8.2-10.1 6.2-7.6
HW 6.88-8.2 - 5.7-5.8 6.1-7.5 6.5-8.2
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Character
ED
SnEye
NarEye
SnwW
TrunkL/SVL
HL/SVL
HW/SVL
HW/HL
SnEye/HL
NarEye/HL
ED/HL
SnW/HL
ED/NarEye
Snw/HW
Chin
CN
IS
SL
IL
VS
DS
Lamellar formulae
hands II-V

Lamellar formulae
feet lI-V

SL1F
SL1T

Precloacal and
femoral pore series
separate (1) or
continuous (0)

Total
femoroprecloacal
pores

CloacS on each
side

Subcaudals
enlarged, plate—like

Dark postorbital
stripe

Dorsolateral light—
colored spots on
trunk

Dark dorsolateral
stripe on trunk

Dark ventrolateral
stripe on trunk

Dark dorsal
transverse blotches

Dark reticulate
pattern on dorsum

Postsacral
marking anteriorly
projecting arms

H. gengmaensis sp. nov.

2.12-2.62
3.88-4.52
2.72-3.32
1.6-2.72
0.45-0.54
0.26-0.31
0.19-0.2
0.64-0.74
0.36-0.41
0.24-0.30
0.20-0.24
0.15-0.24
0.73-0.94
0.22-0.33
8-9
6
2-3
9-11
8-9
8-10
11-18
5-5(6)-5-4

5-5-6-5

20-25

Tor2
No
Yes

No

No

No
Yes or indistinct
Yes or indistinct

Yes or indistinct

H. longlingensis

0.47-0.52
0.22-0.24
0.17-0.19
0.75-0.80
0.42-0.45
0.29-0.34
0.22-0.25
0.12-0.14
0.66-0.82
0.15-0.18
7-9
4-5
1-3
9-10
8-10
6-7
10-14
3-4-4-4(3)
4-4-4(5)-4
4-4(5)-4(5)-4

16-27

Tor2
No
Yes

No

No
No
Variable
Variable

Pale colored
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H. zalonicus
2.0-2.6
3.4-3.5
24-27

1.2
0.49-0.50
0.22-0.23

0.15
0.68
0.40-0.42
0.28-0.31
0.23-0.30
0.14
0.74-1.08
0.21
8-10
5
3-4
10
8-9
9-10
17-18
3-3-3-3

3-4-4-4

16-20

No

Yes

No

No

No

No

No

Indistinct or
not

H. changningensis
1.7-2.3
3.5-4.5
2.8-3.4
1.1-1.4

0.46-0.51
0.22-0.25
0.17-0.18
0.72-0.80
0.41-0.49
0.30-0.37
0.21-0.25
0.12-0.16
0.61-0.77
0.16-0.20
7-8
3-4
2-3
8-11
8-10
6-8
11-15
3-3(4)-3(4)-3
3-3-3-3
3-4-4-4
3-4
3-4
0

19-22

Tor2
No
Yes

No

No
No
Yes
Yes

No

H. zhutangxiangensis
2.1-2.7
3.4-4.4
2.6-3.2
1.3-1.6

0.48-0.52
0.17-0.20
0.18-0.20
1.03-1.13
0.53-0.60
0.39-0.44
0.30-0.36
0.19-0.22
0.70-0.91
0.16-0.21
7-9
5
2-4
8-11
8-11
5-7
11-15

(3-5)-(4-6)—(4 or 5)—

(40rb)

(4 or 5)—(4 or 5)—(4-6)—
(40rb)

4-5
4-5
0

20-23

Tor2
No
Yes

No

No
No
Yes
No

Fork-like, dark colored

209



Hongxin Zhou et al.. Hemiphyllodactylus gengmaensis sp. nov. from Yunnan

Discussion

Our research supports the recognition of the Hemiphyllodactylus gengmaensis
sp. nov. as a new species, belonging to clade 3 of Agung et al. (2021). It is
sister taxa to H. longlingensis, H. zalonicus, H. changningensis, and H. zhutangx-
iangensis. Except for H. zalonicus, all species of clade 3 occur in China. Con-
sidering the 292 km of unexplored area between H. zalonicus and its closest
distance species (H. longlingensis), there may be numerous undescribed spe-
cies in northern Myanmar and Dehong Dai and Jingpo Autonomous Prefecture,
Yunnan Province, China. The 56 km distance between H. gengmaensis sp. nov.
and H. changningensis, along with recent new species discoveries (Grismer et
al. 2013; Guo et al. 2015; Che et al. 2020; Agung et al. 2021, 2022), suggests a
high diversity of this genus within Yunnan. The border area of Dali Bai Auton-
omous Prefecture, Pu'er City, and Lincang City in southern Yunnan Province
could be a key area for future research.

Our study increases the number of recognized species in the Hemiphyllodac-
tylus in China to 15. Apart from H. typus, H. dupanglingensis, and H. hongkon-
gensis, all other species in the genus Hemiphyllodactylus are montane species.
Hemiphyllodactylus gengmaensis sp. nov. was found at an elevation of 664 m
a.s.l. The discovery of the new species may represent an intermediate elevation
type given by the known ranges, suggesting that species in the Hemiphyllodac-
tylus may have a wide distribution range in southern China, spanning elevations
from 120 m (Sung et al. 2018) to 2,169 m (unpublished data). Additionally, Gris-
mer et al. (2018b) discovered 12 new gecko species within two weeks in a single
study of karsts in Myanmar, with similar climatic and habitat conditions likely to
exist in southern China. Moreover, some populations previously considered as
H. yunnanensis in China have also been described as new species (Deng et al.
1998; Shi et al. 2011; Che et al. 2020; Zhang B et al. 2020). Therefore, it is possi-
ble that there are still numerous undiscovered cryptic species in southern China.
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Abstract

Twelve species in nine genera of Mycetophilidae are newly recorded from Morocco and
from North Africa. Five species are described as new to science: Rymosia ebejeri sp. nov.,
Leia arcana sp. nov., Megophthalmidia amsemlili sp. nov., Mycomya mira sp. nov., and
Phthinia snibbypinsae sp. nov. Three species are newly recorded from Gibraltar.

Key words: Fungus gnats, Moroccan endemism, North Africa

Introduction

Banamar et al. (2020) included Moroccan records of 64 species of Mycetoph-
ilidae, of which 54 were newly recorded, but they noted that most of the spe-
cies recorded are widespread in the Mediterranean region and more widely in
Europe and the Palaearctic Region. However, also found were some species
that were new to science. These and some other species identified after that
publication are treated here. Results are presented in the same taxonomic or-
der as by Banamar et al. (2020) and Kettani et al. (2022) in the Catalogue of
Moroccan Diptera, except that Docosia Winnertz, 1864 is placed in subfamily
Gnoristinae rather than Leiinae following recent phylogenetic studies using mo-
lecular methods (e.g. Kasprdk et al. 2019).

Materials and methods

Most of the material totalling 148 specimens (122 males and 26 females) was
collected using diverse techniques such as sweeping and rearing, by B. Belgat,
0. Driauach, and M.A. El Mouden between 12 December 2013 and 28 February
2022 in 31 of 33 sites in the Rif and Middle Atlas Mountains, and on the Atlantic
plain (Fig. 1; Table 1). Additional materials were collected in the Middle Atlas (8
May 2012) and the Rif (12 June 2013) were provided by Dr Martin Ebejer, who
kindly permitted us to publish his new records.
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Table 1. Sampling sites (in alphabetical order) hosting the species collected in the Rif and Middle Atlas Mountains and on
the Atlantic plain, with localities, altitudes, and geographic coordinates. PNTLS = National Park of Talassemtane; PPNB =
Bouhachem Natural Park Project; PNTZK = National Park of Tazekka.

Site

Rif

—_

O 0 N oo g b W N

. Ain El Ma Bared

. Ain El Maounzil

. Ain Sidi Brahim Ben Arrif
. Akchour

. Bab El Karne

. Bab Rouida

. Daya Amsemlil

. Daya avant Taida

. Daya Mtahen

10. Douar Bni Leit

11. Faculté des Sciences

12. Forét Adayourha

13.

Forét Ain Lahcen

14. Forét Azilane
15. Forét Bab Hajara
16. Forét Bni Leit

17. Forét Bouhachem st.1

18. Forét Jbel Lekraa

19.

Forét Malaab Tizimezzan

20. Forét Sed Nakhla

21.

Khandek Melouka

22. Maison forestiére Bouhachem

23.

Maison forestiére Talassemtane

24. Marabout Abou Bnar
25. Oued Ferda
26. Oued Majjou

27. Oued Majjou avant source

28. Pont Imezzane

29.
30.

Route vers Abou Bnar

Tissemlal

Atlantic plain

31. Sidi Yahya El Gharb
Middle Atlas

32. Forét-3.5 km S. Azrou
33. Oued Taourirt

Locality

Bouzthate, Parc Bab El Karne
PNTLS
PPNB
PNTLS
Douar Tamakoute, Parc Bab El Karne
PNTLS
Jbel Bouhachem, PPNB
Taida, PPNB
Jbel Bouhachem, PPNB
Bni Leit, PPNB
Université Abdelmalek Essaadi, Tétouan
PPNB
Ain Lahcen
Azilane, PNTLS
PPNB
Bni Leit, PPNB
PPNB
PNTLS
PNTLS
Barrage Nakhla, PPNB
Ain Lahcen
PPNB
PNTLS
Abou Bnar, PNTLS
Akoumi, PNTLS
Majjou Village, PNTLS
Majjou Village, PNTLS
Imezzane, PNTLS
Abou Bnar, PNTLS
PNTLS

Sidi Yahya El Gharb

Azrou
PNTZK

Elevation (m)

1267
1106
897
600
1248
1678
1059
436
966
836
7
794
186
1291
1203
826
1016
1541
1452
414
287
1048
1674
1247
420
799
1055
1181
1410
1187

25

1450
1343

Latitude

35°00.333'N, 5°12.105'W
35°04.577'N, 5°10.406'W
35°20.398'N, 5°32.712'W
35°14.203'N, 5°10.145'W
34°58.510'N, 5°11.838'W
35°06.881'N, 5°08.270'W
35°15.596'N, 5°25.917'W
35°22.426'N, 5°31.662'W
35°16.195'N, 5°26.158'W
35°17.382'N, 5°23.558'W
35°33.413'N, 5°21.464'W
35°14.599'N, 5°24.001'W
35°32.532'N, 5°33.378'W
35°10.354'N, 5°12.053'W
35°15.292'N, 5°26.258'W
35°17.564'N, 5°23.527'W
35°16.119'N, 5°26.144'W
35°06.825'N, 5°08.077'W
35°06.562'N, 5°08.197'W
35°26.110'N, 5°24.407'W
35°33.326'N, 5°34.597'W
35°15.040'N, 5°25.240'W
35°08.076'N, 5°08.262'W
35°10.812'N, 5°07.500'W
35°14.350'N, 5°10.46'W
35°06.186'N, 5°10.935'W
35°06.105'N, 5°10.502'W
35°10.391'N, 5°09.353'W
35°10.398'N, 5°08.234'W
35°10.458'N, 5°14.587'W

34°18.552'N, 6°17.532'W

33°25.491'N, 5°12.393'W
34°04.225'N, 4°07.508'W

The holotypes of the newly described species and M.J. Ebejer collection will

be deposited at the Natural History Museum, London, UK (NHMUK). Paratypes
and additional studied materials will be deposited in our Diptera collection, in
the Department of Biology, Faculty of Sciences of Tétouan, Abdelmalek Essaadi
University, Morocco (UAE-FST).
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¢ Stations

Elevation/
Bathymetry

-4.00 -3.60

Figure 1. Maps showing all sampling localities for Mycetophilidae in the current study; numbers correspond to those in
Table 1.

Taxonomy

Subfamily Mycetophilinae Newman, 1834
Tribe Exechiini Edwards, 1925
Genus Exechia Winnertz, 1864

Exechia repandoides Caspers, 1984

New record. Morocco - Rif Region * 243, 6Q2; Faculté des Sciences; 14—
28/11/2022; A. Akarid leg; reared from fungus Cyclocybe aegerita; UAE-FST
R22/2441.

Comments. This species belongs to the Exechia parva Lundstrém, 1909
group, which was revised by Lindemann et al. (2021). The Moroccan males
are similar in structure of their terminalia (Figs 2, 3) to E. repandoides, which
is widespread in central and northern Europe and is also recorded from Cor-
sica. These Moroccan males differ in coloration from European specimens,
which have the abdomen dark coloured apart from the yellow terminalia.
The Moroccan males have the abdomen brown dorsally, but broadly yellow
laterally on tergites 2 and 3; sternites 1—3 are yellow, while tergites and ster-
nites 4-6 are brown. The female has not been previously associated for E.
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Figure 4. Exechia repandoides Caspers, lateral view of female abdomen.

repandoides. The Moroccan females are more brightly coloured than Euro-
pean females of this group; the abdomen (Fig. 4) is broadly yellow laterally,
with brown dorsal markings on tergites 2-6 often not quite reaching fore
margins, while tergite 7, the ovipositor, and all sternites are yellow. New to
North Africa.

Genus Exechiopsis Tuomikoski, 1966

Exechiopsis corona Chandler & Ribeiro, 1995

New record. Morocco - Rif Region - 1J; Maison forestiere, Talassemtane;
13/11/2020; B. Belgat and O. Driauach leg; collected using sweep net; UAE-FST
R20/2442.
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Comments. This species was described from two males, respectively from
Tenerife, Canary Islands and the Greek island of Naxos (Chandler and Ribeiro
1995). It has otherwise only been recorded from Cyprus (Chandler et al. 2006).
New to North Africa.

Genus Rymosia Winnertz, 1864

Rymosia ebejeri Chandler & Belqat, sp. nov.
https://zoobank.org/7E574E63-8756-4B7B-AB24-F62930656AF 1

Type material. Holotype. Morocco — Rif Region * & (mounted in DMHF); Forét
Jbel Lekraa; 12/V1/2013; M.J. Ebejer leg; collected using sweep net; NHMUK.
Paratypes. Morocco — Rif Region * 1J; Oued Majjou; 5/11/2019; B. Belgat and
0. Driauach leg; collected using sweep net; UAE-FST R19/2425 - 33 J; Tissem-
lal; 3/11/2020; B. Belgat and O. Driauach leg; collected using sweep net; UAE-FST
R20/2426 + 13; Bab Rouida; 13/11/2020; B. Belgat and O. Driauach leg; collected
using sweep net; UAE-FST R202427.

The species has been found mostly in the PNTLS, at high altitudes, in the large
expanse of a cedar forest, in the environment of the Majjou River and in/and
around the depression in a rock, resembling a small cave in the Bab Rouida site.

Diagnosis. This belongs among those Rymosia species without any spinules
on the male fore tarsi. It is very distinct from other species in the structure of
its male terminalia. The produced apical margin of the gonocoxites, bearing
strong apical setae, is an especially unusual feature. This and the gonostylus
concealed within the gonocoxites in ventral view distinguish it from the oth-
er three Rymosia species recorded from Morocco, R. affinis Winnertz, 1864,
R. beaucournui Matile, 1963, and R. pseudocretensis Burghele-Balacesco, 1966
(Banamar et al. 2020).

Description. Male. Wing length 4-4,5 mm. Coloration. Head brown, with
face yellowish. Antenna with basal segments and base of first flagellomere
yellow, flagellum otherwise brownish. Palpus yellow. Thorax yellowish brown;
mesonotum with three more or less fused

brown stripes, leaving humeral area and sides yellowish. Legs all yellow.
Wing clear yellowish. Abdomen yellow with apical half of tergites 2—5 brown,
each of these markings extended forwards as a dorsal triangle almost reach-
ing fore margin and as a rounded extension laterally on each side; tergite 6 all
brown. Terminalia yellow. Head. Antenna longer than head and thorax together,
with flagellomeres progressively longer, from 3-4x to 6x as long as broad. Pal-
pus elongate. Thorax. Mesonotum with long, dark setae in dorsocentral rows,
near the side margins, and on pronotum; one long dark proepisternal seta; ane-
pisternum covered with short setae; laterotergite with several long setae me-
dially. Legs. Without any modification of tarsi (found in some species of this
genus); hind tibial spurs about a third as long as hind tarsomere 1; tibial setae
short, not longer than width of tibia. Wing. Vein Sc short, ending free. Crossvein
r-m 2-3x as long as stem of median fork. Base of posterior fork at or before
level of base of median stem; false vein extends to level of about half length
of posterior fork, vein CuP reaches to level of about a third of fork. Terminalia
(Figs 5-7). Gonocoxites produced medially with a group of 4 or 5 short but
strong spines on each side of a small median emargination, and a row of strong
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Figures 5—7. Rymosia ebejeri sp. nov., male terminalia 5 ventral view 6 dorsal view 7 lateral view.

setae on the apical margin external to the spines; gonostylus with ventral lobe
short, not extending beyond margin of gonocoxites, rounded and densely se-
tose apically; median and dorsal lobes with long setae basally and an apically
bare sclerotised portion adjacent to ventral lobe, dorsal lobe with long basal
extension bare except for preapical spine.

Female. Unknown.

Etymology. Named for Dr Martin Ebejer, who collected the first known specimen.

Subfamily Leiinae Edwards, 1925
Genus Leia Meigen, 1818

With the species added here, four Leia species are known to occur in Morocco.
Two of them, L. beckeri Landrock, 1940 and L. arsona Hutson, 1978 have a
mainly Mediterranean distribution, and both have a dark marking over the r-m
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crossvein, and one behind the posterior fork, in addition to a preapical wing
band; L. arsona differs from other species in having a dark knob to the halteres.
Leia bimaculata (Meigen, 1804) is widespread in the Palaearctic Region; it has
a preapical wing band but lacks any central marking. It is very variable in body
coloration, from a largely black thorax and abdomen to being largely pale, but
with bands on the abdominal tergites that are usually broader in the middle
than at the sides. Moroccan specimens of L. bimaculata are generally lighter
coloured, and it became apparent that some darker coloured Moroccan spec-
imens also had differences in the male terminalia from typical bimaculata; we
conclude here that these represent a distinct species that may have been over-
looked elsewhere within the range of L. bimaculata. Polevoi and Salmela (2016)
described and figured some variation in European specimens of L. bimaculata,
with some specimens from Finland and Russia differing in details of the male
terminalia including lack of a dorsal projection at the base of the gonostylus;
they showed similar variation in body coloration to typical L. bimaculata but had
unmarked wings. Further study of L. bimaculata across its range is necessary
to establish whether more species may have been overlooked under this name.

Leia arcana Chandler, Belgat & Driauach, sp. nov.
https://zoobank.org/46D501E8-0AEA-4D5E-841A-0A40BC967CFB

Type material. Holotype. Morocco - Rif Region « &' (mounted in DMHF from
alcohol, terminalia on a slide); Ain El Maounzil; 3/11/2020; B. Belgat and O. Dri-
auach leg; collected using sweep net; NHMUK. Paratypes. Morocco — Rif Re-
gion * 34, Ain Sidi Brahim Ben Arrif; 25/1V/2014. B. Belgat and O. Driauach
leg; collected using sweep net; UAE-FST R14/2401 - 14; Maison forestiére, Ta-
lassemtane; 17/VI/2014; B. Belgat and O. Driauach leg; collected using sweep
net; UAE-FST R142402 - 13; Ain El Ma Bared; 25/XI1/2015; B. Belgat and O.
Driauach leg; collected using sweep net; UAE-FST R15/2403 - 1J; Bab El Karne;
25/X11/2015; B. Belgat and O. Driauach leg; collected using sweep net; UAE-FST
R15/2404 + 13; Daya Mtahen; 23/111/2021; B. Belgat and O. Driauach leg; col-
lected using sweep net; UAE-FST R21/2405.

Other material. Morocco - Rif Region * 19; Ain Sidi Brahim Ben Arrif; 25/
IV/2014; B. Belgat and O. Driauach leg; collected using sweep net; UAE-FST
R14/2406. — Middle Atlas Region * 19; Forét—3.5 km S. Azrou; cedar forest;
8/V/2012; M.J. Ebejer leg; collected using sweep net; NHMUK.

This species was collected mostly in environments of aquatic ecosystems
such as springs (Ain) and ponds (Daya), but also in forest environments.

Diagnosis. The most obvious differences in the male terminalia from L. bi-
maculata (Figs 10, 13, 16) are that the apical part of the gonostylus is shorter
and thicker, and the adjacent ventral lobe of the gonocoxites is broader basally
(arrowed in Fig. 15 of L. arcana and in Fig. 16 of L. bimaculata for compari-
son). In these respects, L. arcana resembles these structures in the figures of
L. montanosilvatica Zaitzev, 1994, described from Kyrgyzstan (Zaitzev 1994).
However, L. montanosilvatica is said to have unmarked wings, so L. arcana is
considered a distinct species pending further revision of this genus.

Leia beckeri is similar in colour to L. arcana; in examined specimens of
L. beckeri, the dark-brown thoracic stripes are more sharply contrasted with
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Figures 8, 9. Leia arcana sp. nov., male terminalia 8 ventral view 9 dorsal view.

the yellow sides and humeral area of the mesonotum than in L. arcana, and the
pleura and abdomen are all dark brown. The marking over r-m may sometimes
be faint in L. beckeri, but it differs in the preapical wing marking being situated
closer to the tip of vein R, than in the other Moroccan species and well before
the tip of cell r,. The male terminalia of L. beckeri (Figs 11, 14, 17) are also
similar to this group of the genus; the gonostylus is constructed similar to L. bi-
maculata and L. arcana, with the apical part intermediate in thickness between
these species, but there is a slender tapered process ventral and external to
the gonostylus (arrowed in Fig. 17), and the ventral lobe of the gonocoxites is
broadly rounded and not apically produced as in these other species.

The females of these three species are similar in the structure of the ovipositor
(Figs 18-20), but they evidently differ in the form in lateral view of the upper mar-
gin of sternite 8, which is more rounded in L. bimaculata, straighter and slightly
emarginate in L. arcana, and with a more distinct emargination in L. beckeri.

Description. Male. Wing length 4-4.5 mm. Coloration. Mainly shining black or
dark brown with yellow markings. Head black; antenna with scape and pedicel
yellow, flagellum dark brown. Mesonotum bearing three almost fused shining
dark brown stripes (separated by narrow yellow dorsocentral stripes), leaving
the humeral area and sides yellow; scutellum dark brown dorsally, sometimes
more or less yellowish at sides; propleura brownish yellow; pleura otherwise
and mediotergite all dark brown. Legs yellow except for narrow dark tips to cox-
ae and trochanters and apical eighth of hind femur. Wing clear yellowish except
for brown preapical patch that extends from fore margin (including tip of cell r))
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Figures 10, 11. Leia species, male terminalia, ventral view 10 L. bimaculata (Meigen, 1804) 11 L. beckeri Landrock, 1940.

over the median fork. Haltere yellowish white. Abdomen dark brown with hind
margins of tergites 2—4 and fore margins (basal third) of tergites 3—5 narrowly
yellow; sternites similarly coloured or with more yellow. Terminalia yellow. Head.
Antenna about 1.5x as long as head and thorax, with flagellomeres more than
2x as long as broad. Thorax. Mesonotum and scutellum with long yellow setae;
laterotergite setose. Legs. Tibiae 2 and 3 with long yellow apical spurs, more
than half as long as tarsomere 1; setulae on femora pale, on rest of legs dark;
dark tibial setae, mostly longer than width of tibia: mid tibia with 2-3 d, 1 a-d, 3
a,and 2 a-v setae; hind tibia with 3-4 d and 3-4 a-d setae. Wing. Vein Sc ends in
costa near to level of base of posterior fork, with crossvein sc-r at about its api-
cal third. Vein R, a third to half the length of crossvein r-m, which is longer than
the stem of median fork. Median fork complete. Posterior fork arises before lev-
el of base of stem of median fork, its anterior branch (M,) narrowly interrupted
at its extreme base. CuP stops short beyond level of base of posterior fork. A
short dark streak at base of fork of axillary veins (as in L. bimaculata). Termina-
lia (Figs 8, 9, 12, 15). Gonostylus comprising a single lobe, curved medially and
with a small preapical incision; gonocoxites with a setose ventral lobe basal to
each gonostylus that is tapered to a bluntly rounded tip (arrowed in Fig. 15).

Female. Coloration. Similar to male, with scape and pedicel yellow, flagellum
dark. Abdomen with segments 2-6 yellow on apical quarter; ovipositor with
cerci narrow, brownish. Head. Antenna distinctly shorter than in male, less than
length of thorax. Legs. Mid tibia with 3 d, 1 a-d, 3 v, and 3 p-v setae; hind tibia
with 4 d, 3 a-d setae. Ovipositor (Fig. 18). Sternite 8 with dorsal margin in lateral
view straight and cerci narrow.
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Figures 12-14. Leia species, male terminalia, lateral view 12 L. arcana sp. nov. 13 L. bimaculata (Meigen) 14 L. beckeri
Landrock.

) . A g | .
Figures 15-17. Leia species, male terminalia, ventral view of medial lobe of gonocoxite (arrowed in 15 and 16) and

gonostylus 15 L. arcana sp. nov. 16 L. bimaculata (Meigen) 17 L. beckeri Landrock (additional process from base of
gonostylus arrowed, absent in other two species; medial lobe of gonocoxites broadly rounded).

Etymology. From Latin arcanus, meaning secret as the separation of this
species was previously hidden.

Comments. The male from Ain El Ma Bared and the female from Azrou were
listed under L. bimaculata by Banamar et al. (2020). The female (Fig. 18) is con-
sidered conspecific with L. arcana on basis of its coloration.

Genus Megophthalmidia Dziedzicki, 1889

This genus was recognised to have a greater diversity in southern Europe than
previously appreciated when six species, five of them newly described, were
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Figures 18-20. Leia species females, lateral view of ovipositor 18 L. arcana 19 L. bimaculata 20 L. beckeri.

recorded from Greece by Chandler et al. (2006). Two of these species were re-
corded from Sardinia by Chandler (2009) and one of them, M. illyrica Chandler,
Bechev & Caspers, 2006 is newly recorded here from Gibraltar (Governor's look-
out, Upper Rock, 14, 28/11/2010, coll. K. Bensusan and R. Gwillem). As there
is also a species of this genus, M. decora (Santos Abreu, 1920), in the Canary
Islands and Madeira the occurrence of the genus in Morocco was expected.

Megophthalmidia amsemlili Chandler, Belgat & Banamar, sp. nov.
https://zoobank.org/C4EF93E3-83ED-4461-86B7-CD09F33CD522

Type material. Holotype. Morocco — Rif Region « 3§ (mounted in DMHF, ter-
minalia on slide); Marabout Abou Bnar; 18/V/2014; B. Belgat and O. Driauach
leg; collected using sweep net; NHMUK. Paratypes. Morocco — Rif Region -
13; Daya Amsemlil; 26/111/2016; B. Belgat and O. Driauach leg; collected us-
ing sweep net; UAE-FST R16/2407 - 1J; Forét Malaab Tizimezzan; 12/V/2022;
M.A. El Mouden leg; collected using sweep net; UAE-FST R22/2408 - 1J; Pont
Imezzane; 12/V/2022; M.A. El Mouden leg; collected using sweep net; UAE-
FST R22/2409 - 1J; Route vers Abou Bnar; 12/V/2022; M.A. El Mouden leg;
collected using sweep net; UAE-FST R22/2410 - 15 Forét Azilane; 13/V/2022;
M.A. El Mouden leg; collected using sweep net; UAE-FST R22/2411 - 1J3; Daya
Mtahen; 5/V1/2022; B. Belgat, M.A. El Mouden and O. Driauach leg; collect-
ed using sweep net; UAE-FST R22/2412. - Middle Atlas Region * 1J; Oued
Taourirt; 20/V/2022; M.A. El Mouden leg; collected using sweep net; UAE-FST
MA22/2401. Other material. Morocco — Rif Region + 19; Daya Amsemlil; 23/
IV/2016; B. Belgat and O. Driauach leg; collected using sweep net; UAE-FST
R16/2413. — Atlantic Plain Region - 19; Sidi Yahya El Gharb; 25/1V/2015; B.
Belgat and O. Driauach leg; collected using sweep net; UAE-FST AP15/2401.

Found in environments of protected areas (National Park of Talassemtane
and Bouhachem Natural Park Project), around aquatic systems (rivers and
ponds) but also in developed as well as inhabited areas.

Diagnosis. This species is similar in coloration to M. illyrica, and the male
tergite 9 is also similar in form to that species. The structure of the terminalia is
otherwise quite distinct with the gonocoxites more deeply excavated ventrally
and the gonostylus differing in form, broader basally and more angular apically.
Specimens examined vary in the extent to which the gonostylus is extended
in situ, giving a differing appearance which might suggest that more than one
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Figures 21, 22. Megophthalmidia amsemlili sp. nov., male terminalia, paratype from Pont Imezzane 21 ventral view
22 dorsal view.

species is involved but their structural details are in common as described be-
low. To take this apparent variation in form into account three specimens have
contributed to the figures as indicated.

Description. Male. Wing about 2 mm. Coloration. Body nearly all black, with
yellowish apical margins to tergites 2—4, interrupted dorsally, and there may
also be very narrow yellow basal margins to tergites 3-5; sternites 2-4 all
yellow. Antenna black. Palpus black at base, otherwise yellow. Legs with mid
and hind coxae brownish externally, otherwise all yellow. Wing clear yellowish.
Terminalia dark coloured. Head. Antenna a little longer than head and thorax
together, with flagellomeres at least as long as broad: flagellomeres 1 and 2
quadrate, other flagellomeres a little longer than broad. Legs. [Only one fore
leg, femur, and part of tibia of one mid leg, and both hind legs are present in the
holotype; paratypes are all missing one or more legs]. Mid tibia and hind tibia
with rows of anterior and dorsal setae, all shorter than tibial width, the dorsal
setae on hind tibia denser and occupying most of its length. Tibial spurs 1: 2:
2, yellow, the longer spurs on each about two-thirds length of first tarsomere.
Wing. Radial veins and crossvein r-m with setulae, fork veins and their stems
bare. Vein R, a little longer than r-m, median stem about twice length of r-m.
Base of posterior fork level with or just beyond base of stem of median fork, its
branches widely divergent from base. Costa extends about 0.6 distance from
R,.; to M,. Terminalia (Figs 21-26). Small. Tergite 9 comprising apically point-
ed lateral lobes, connected by a narrow bridge to a prominent bilobed median
process bearing cerci; each cercus with a ventrally directed tapered lobe with
a row of long setae; gonocoxites with broad and deep medial excavation ven-
trally, dorsally produced medially on each side into a bifid process (arrowed in
Figs 24, 26) with each lobe with a short terminal spine. Gonostylus (arrowed in
Figs 25, 26) broad and bare basally, sharply narrowed to an angular apical part
bearing some long setae and a short terminal tooth-like spine.
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Figures 23-26. Megophthalmidia amsemlili sp. nov., male terminalia 23 lateral view 24 dorsal view with tergite 9 (lower ar-
row) and gonocoxal margin (upper arrow) 25 ventral view, gonostylus (arrowed) extended posteriorly 26 ventral view, gono-
stylus (lower arrow) deflected internally, gonocoxal margin upper arrow 23-25 paratype from Oued Taourirt 26 holotype.

Female. Those listed under other material, with coloration as in male, and
with flagellomeres similar to male, are considered likely to be conspecific.

Etymology. Named for the locality Daya Amsemlil, where both Megoph-
thalmidia species recorded here and the new species of Mycomya described
below were collected.

Comments. This is evidently a widespread species in Morocco.

Megophthalmidia ionica Chandler, Bechev & Caspers, 2006

New records. Morocco - Rif Region < 14; Daya Amsemlil; 28/11/2015; B. Belgat
and O. Driauach leg; collected using sweep net; UAE-FST R15/2443 - 1&; Forét
Bouhachem st. 1; 5/V/2022; B. Belgat, M.A. El Mouden and O. Driauach leg;
collected using sweep net; UAE-FST R22/2444 - 13; Daya Mtahen; 5/V1/2022;
B. Belgat, M.A. El Mouden and O. Driauach leg; collected using sweep net; UAE-
FST R22/2445.

Comments. This species was described from Greece (Chandler et al. 2006),
later recorded from Sardinia (Chandler 2009), and has most recently been iden-
tified from Corsica. It is similar in coloration and most structural characters to
M. amsemlili and M. illyrica. The terminalia (Figs 27-29) are, however, quite dis-
tinct in structure. The antenna is shorter than in M. amsemlili and M. illyrica; the
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Figures 27-29. Megophthalmidia ionica Chandler, Bechev & Caspers, male terminalia 27 ventral view 28 dorsal view
29 lateral view.

flagellomeres, except the terminal one, are distinctly shorter than broad, and
this character also enables females to be separated from those of M. amsemlili
and M. illyrica. New to North Africa.

Subfamily Gnoristinae Edwards,1925
Genus Docosia Winnertz, 1864

Species in this genus mostly have a uniform appearance of black body, mainly
yellow legs and unmarked wings, specific characters being in small details of
the structure of the male terminalia. Sev¢ik et al. (2020) noted that 57 species
were now known from the Palaearctic region; of these about 20 have been re-
corded from around the Mediterranean, many of them little known apart from
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their original description. When the previous account of Moroccan Mycetophi-
lidae (Banamar et al. 2020) was prepared, the material of Docosia had not yet
been fully investigated, only the distinctive species D. gilvipes (Haliday in Walk-
er, 1856) then being recorded. Although a larger number might be anticipated,
so far five further species have been recognised in the available material, two
of which are recorded here; the others are apparently previously undescribed
and will be treated elsewhere. Females taken with males might be assumed to
be conspecific but cannot be recognised for most species.

Docosia melita Chandler & Gatt, 2000

New records. Morocco — Rif Region * 1J; Oued Ferda; 13/11/2013; B. Belgat
and O. Driauach leg; collected using sweep net; UAE-FST R13/2434 + 14; Oued
Maijjou avant source; 9/IV/2013; B. Belgat and O. Driauach leg; collected using
sweep net; UAE-FST R13/2435 + 64 d; Maison forestiere, Talassemtane; 17/
V1/2014; B. Belgat and O. Driauach leg; collected using sweep net; UAE-FST
R14/2436 + 23 3; Akchour; 16/1V/2016; B. Belgat and O. Driauach leg; collected
using sweep net; UAE-FST R16/2437 + 1J; Oued Majjou; 5/11/2019; B. Belgat
and 0. Driauach leg; collected using sweep net; UAE-FST R19/2438 + 24'J; Mai-
son forestiére, Talassemtane; 13/11/2021; B. Belgat and O. Driauach leg; col-
lected using sweep net; UAE-FST R21/2439 - 33J; Oued Majjou; 6/11/2022; B.
Belgat and O. Driauach leg; collected using sweep net; UAE-FST R22/2440.

Comments. This species was described from Malta and has been recorded
from Greece (Chandler et al. 2006) and Sardinia (Chandler 2009). It can also be
newly recorded from Gibraltar (Mediterranean steps, maquis, 13, 23/111/2010;
Camp Bay, ruderal vegetation, 17, 21/111/2010, both coll. M.J. Ebejer). New to
North Africa. The male terminalia of a Moroccan specimen are shown here
(Figs 30, 31); the female cannot be distinguished from allied species.

Docosia flavicoxa Strobl, 1900

New records. Morocco — Rif Region « 1J; Oued Ferda; 13/11/2013; B. Belgat
and O. Driauach leg; collected using sweep net; UAE-FST R13/2428 - 29; Oued
Maijjou avant source; 9/IV/2013; B. Belgat and O. Driauach leg; collected using
sweep net; UAE-FST R13/2429 « 14; Daya avant Taida; 20/1V/2018; B. Belgat
and O. Driauach leg; collected using sweep net; UAE-FST R18/2430 + 14; Oued
Maijjou; 5/11/2019; B. Belgat and O. Driauach leg; collected using sweep net; UAE-
FST R19/2431 - 299; Oued Majjou; 6/11/2022; B. Belgat and O. Driauach leg;
collected using sweep net; UAE-FST R22/2432 - 1J4; Oued Majjou; 20/11/2022;
B. Belgat and O. Driauach leg; collected using sweep net; UAE-FST R22/2433.

Comments. This is a widespread Palaearctic species, distinguished by its
entirely yellow legs from the other Moroccan species which have the bases
of the mid and hind coxae more or less darkened, and also by its setose lat-
erotergite which is bare in the other Moroccan species examined. It is also
newly recorded from Gibraltar (Upper Rock, meadow in woodland, 14, 12, 21/
111/2010, coll. K. Bensusan). New to North Africa. The terminalia of a Moroccan
specimen are shown here (Figs 32, 33).
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Figures 32, 33. Docosia flavicoxa Strobl, male terminalia 32 posteroventral view 33 dorsal view.

Subfamily Mycomyinae Edwards, 1925
Genus Mycomya Rondani, 1856

Mycomya mira Chandler, Belgat & Banamar, sp. nov.
https://zoobank.org/BBE4B953-B1BF-4B5D-9292-48843474873B

Type material. Holotype. Morocco — Rif Region - & (mounted in DMHF); Forét
Adayourha; 1/11/2020; B. Belgat and O. Driauach leg; collected using sweep
net; NHMUK. Paratypes. Morocco — Rif Region + 23 J; Forét Bab Hajara; 14/
VI1/2013; B. Belgat and O. Driauach leg; collected using sweep net; UAE-FST
R13/2414 - 1J; Ain Sidi Brahim Ben Arrif; 25/IV/2014; B. Belgat and O. Dri-
auach leg; collected using sweep net; UAE-FST R14/2415 - 533, 29 Q; Forét
Bab Hajara; 28/11/2015; B. Belgat and O. Driauach leg; collected using sweep
net; UAE-FST R15/2416 + 324'J; Daya Amsemlil; 1/1/2020; B. Belgat and O. Dri-
auach leg; collected using sweep net; UAE-FST R20/2417 - 1933, 42 Q; Forét
Adayourha; 1/11/2020; B. Belgat and O. Driauach leg; collected using sweep net;
UAE-FST R20/2418 + 59 9; Maison forestiére Bouhachem; 1/11/2020; B. Belgat
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and 0. Driauach leg; collected using sweep net; UAE-FST R20/2419 - 7843, 1%;
Forét Sed Nakhla; 10/11/2020; B. Belgat and O. Driauach leg; collected using
sweep net; UAE-FST R20/2420 - 13; Forét Azilane; 13/11/2020; B. Belgat and O.
Driauach leg; collected using sweep net; UAE-FST R20/2421 - 1J; Forét Bni Leit;
10/1/2021; B. Belgat and O. Driauach leg; collected using sweep net; UAE-FST
R21/2422 + 14; Douar Bni Leit; 10-16/1/2021; B. Belgat and O. Driauach leg;
reared; UAE-FST R21/2423.

This species inhabits the diverse landscape of the Bouhachem Natural Parc
Project, particularly including wetlands, which present a typology from sphag-
num peat bogs to temporary ponds to springs, spring streams, and headwaters
of three river systems, as well as in forests.

Diagnosis. This species belongs to the subgenus Mycomya sensu stricto
and differs from other species in the following combination of male char-
acters: legs simple except for short mid-coxal spur; tergite 9 with neither a
medial process nor lateral appendages, medially emarginate and with short
internal spinose setae subapically. It runs to couplet 75 in the key by Vaisdnen
(1984), where it is between the two options in that the base of the posterior
fork is usually level with the base of the stem of the median fork. It fits the first
option in the structure of tergite 9 and in couplet 76 it agrees with the western
Nearctic M. fuscipalpis van Duzee, 1928 in the form of the gonostylus. Thus,
it could be assigned to the species group of which M. fuscipalpis was the only
member. The most obvious difference from M. fuscipalpis is that there are
separate submedian appendages of the gonocoxites, while in M. fuscipalpis
these are fused medially.

Description. Male. Wing length 4-4.5 mm. Coloration. Body entirely dark
greyish brown. Head and antennae uniformly dark; palpi yellowish. Coxae
brown, legs otherwise entirely yellow. Terminalia dark grey. Head. Antenna
slender, about 3 mm long, longer than abdomen, with flagellomeres about 6x
as long as broad. Legs. Long and slender. Fore coxa unmodified; mid coxa
with anteriorly directed slender spur, straight for most of its length, then
slightly curved apically, relatively short, about half length of coxa. Fore tar-
somere 1 a little shorter than its tibia. Vein Sc ending in R at middle of ra-
dial cell, often with anterior spur, more or less extended to costa (may vary
between the wings of a specimen). Base of posterior fork at or just beyond
level of base of stem of median fork. Terminalia (Figs 34, 35). Short. Tergite
9 with a median emargination between broad rounded setose lobes, with a
pair of internal submedian lobes each bearing a slender curved spine later-
ally and a row of 5-7 short blunt spines (cones of Vaisédnen 1984) apically.
Gonocoxites with short broad submedian appendages that are bluntly round-
ed apically. Gonostylus reflexed within gonocoxites, thick and angular basally
and sharply narrowed to a slender curved and pointed apical part which has
a small blunt tooth at its base.

Female. Wing length range as in male. Coloration. As in male; ovipositor
yellowish. Head. Antenna relatively shorter than in male, about 1.5x head and
thorax together; flagellomeres about 4x as long as broad. Legs. Simple, without
mid-coxal spur. Ovipositor (Fig. 36). Sternite 8 with a pair of tapered apically
rounded setose lobes. Cercus with elongate basal segment and small rounded
apical segment bearing short setae.

Etymology. From Latin mirus, to note the astonishing discovery of this species.
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Figures 34, 35. Mycomya mira sp. nov., male terminalia 34 ventral view 35 dorsal view.

Figures 36. Mycomya mira sp. nov., female, lateral view of ovipositor.

Comments. This is a very distinct species, which is evidently frequent and
widespread in Morocco.

Mycomya prominens (Lundstrom, 1913)

New records. Morocco — Rif Region * 1J; Daya Mtahen; 23/111/2021; B. Belgat
and O. Driauach leg; collected using sweep net; UAE-FST R21/2448.

Comments. This is a common and widespread European species, with pre-
vious records in the Mediterranean region from Israel and Greece (Chandler
1994; Chandler et al. 2006). It has also been recorded from Madeira (Chandler
and Ribeiro 1995). New to North Africa.
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Subfamily Sciophilinae Rondani, 1840
Genus Monoclona Mik, 1886

Monoclona rufilatera (Walker, 1837)

New records. Morocco — Rif Region « 1J; Forét Ain Lahcen; 15/1/2020; B.
Belgat and O. Driauach leg; collected using sweep net; UAE-FST R20/2446 < 1,
Khandek Melouka; 10/1V/2021; B. Belgat and O. Driauach leg; collected using
sweep net; UAE-FST R21/24467.

Comments. This is a Holarctic species, which is widespread in Europe. New
to North Africa.

Genus Phthinia Winnertz, 1864

This is a small genus, but with a diversity of structure of the male terminalia.
Zaitzev (1994) included 10 Palaearctic species, of which four occur in Europe,
one (P. hyrcanica Zaitzev, 1984) occurs in Azerbaijan, and the rest live in the
Eastern Palaearctic. Three more European species have since been described
(Plassmann 1984, 1990; Zaitzev 2001). A male and a female, collected at the
same locality in Morocco, have been examined; both specimens are in poor
condition, but the structure of the male terminalia is distinct from any previous-
ly known species of the genus.

Phthinia snibbypinsae Chandler, Belgat & Driauach, sp. nov.
https://zoobank.org/C90346E3-F2FF-40A7-8F37-092DD7421877

Type material. Holotype. Morocco — Rif Region * &' (mounted in DMHF, termi-
nalia on slide); Khandek Melouka; 10/1V/2021; B. Belgat and O. Driauach leg;
collected using sweep net; NHMUK. Paratype. ¢; same data as for holotype;
UAE-FST R21/2424.

The type locality is in the environment (forest and cultivated fields) of Ain
Lahcen, a rural commune whose name (Ain) is taken from a spring that flows
through it.

Diagnosis. This is a slender bodied species with small male terminalia,
similar in this respect to P. winnertzi Mik, 1869 and allied species. Among Pa-
laearctic species, it most closely resembles P. hyrcanica in the apically bilobed
gonostylus situated within the broadly rounded gonocoxites. It differs from that
species in the lobes of the gonostylus being short and blunt and in the dense
short setae on the margins of the gonocoxites.

Description. Male. Body 7 mm, of which about 6 mm is length of abdomen.
Coloration. Head brown. Antenna with short basal segments and base of first
flagellomere yellow, remainder brown. Palpi yellow. Thorax yellowish brown,
darker brown on disc of mesonotum and scutellum. Legs yellow. Wings clear
grey, presumed to be unmarked as in female. Haltere brown. Abdomen entirely
dark brown. Terminalia yellow. Head. Both antennae incomplete (11 and 5 flag-
ellomeres present). Legs. Missing apart from one fore femur and one hind leg.
Wing. Both wings are represented only by short stubs. Abdomen. Long, slender.
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Figures 37, 38. Phthinia snibbypinsae sp. nov., male terminalia 37 ventral view 38 dorsal view.

Terminalia (Figs 37, 38). Small. Gonocoxites rounded laterally, with deep medial
excavation bordered by short, dense setae; gonostylus enclosed by gonocox-
ites, short and with two short, blunt apical lobes.

Female. Body 6 mm, of which around 5 mm is length of abdomen. Color-
ation. As in male; wings clear greyish. Ovipositor brownish yellow. Legs. Fore
legs missing but mid and hind legs complete, long, slender, about 9 mm long.
Wing. Both wings are represented only by stubs, but more of the right wing is
present, including the bases of fork veins. Vein Sc ends in costa before level
of base of Rs. Crossvein r-m about 3x as long as stem of median fork. Base
of posterior fork beyond that of median fork, with posterior branch (vein CuA)
downturned; false vein also downturned, parallel with it. Vein CuP stops short
before level of base of posterior fork. Abdomen. Slender, relatively shorter than
in male. Ovipositor short and small, with cerci short ovoid and covered with
short setae.

Etymology. The name commemorates Snibby Pins, erstwhile companion of
Benjamin Bottom, after whom the Sardinian gnat Sciophila benjaminbottomi
Chandler, 2009 was named.

Comments. This is the first record of this genus from North Africa, and this
species is evidently rare. Phthinia species are usually found around rotten
wood, and they develop in encrusting fungi.

Discussion

The new findings presented in this study increase the number of Mycetophilidae
of Morocco to 76 species, so enriching the biodiversity of the Mycetophilidae
fauna of the whole North Africa region. The fauna of other parts of North Afri-
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ca is poorly known, with only 23 species of Mycetophilidae presently recorded
from Algeria and 27 species from Tunisia, with a combined total including un-
published records of 45 species, of which 26 are in common with Morocco; this
comparison will be discussed further elsewhere. The five newly described spe-
cies allow us to consider for the first time endemic mycetophilids in Morocco, of
which three are specifically endemic to the occidental Rif region. More fieldwork
in this region and elsewhere in Morocco will probably find more new species.
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Abstract

Samples of the holothurian Eupentacta fraudatrix (Djakonov & Baranova in Djakonov,
Baranova & Saveljeva, 1958) from the Sea of Japan were studied and the relationships
of the genera Eupentacta and Sclerodactyla, as well as related taxa, were evaluated on
the basis of phylogenetic analysis of the mitochondrial DNA COl and 16S rRNA genes.
Using three methods, phylogenetic trees were constructed, and the degree of reliability
of topological reconstructions was estimated by means of a nonparametric bootstrap
test for the neighbor joining (NJ) and maximum likelihood (ML) techniques, as well as
by a posteriori probability for Bayesian inference (Bl) analysis. Genetic data confirm the
validity of the assignment of Cucumaria fraudatrix to the genus Eupentacta Deichmann,
1938. The study of sequences obtained from the holothurian specimens collected in
Russian waters, near the city of Vladivostok, and determined by morphological char-
acters clearly indicate that these specimens belong to the genus Eupentacta and are
assigned as E. fraudatrix . The specimens from China in GenBank named as Sclerodac-
tyla multipes and used in the present study, were likely misidentified, and after re-exam-
ination they may be assigned to the genus Eupentacta, either as E. fraudatrix or another
taxon. Analyses of morphological characters of S. multipes unequivocally affirm that
this species must be excluded from Sclerodactyla Ayres, 1851 and is provisionally as-
signed to the genus Sclerothyone Thandar, 1989 based on the external morphological
characters and the body wall ossicles.

Key words: 16S rRNA, COIl, mitochondrial DNA, mtDNA, molecular phylogeny,
Sclerodactyla, Sclerothyone, Sea of Japan, taxonomy

Introduction

The holothurian Eupentacta fraudatrix (Djakonov & Baranova in Djakonov, Ba-
ranova & Saveljeva, 1958) is currently used as a model species in numerous
studies on biology, anatomy, histology, embryology, regeneration, biochemistry,
chemistry of natural compounds, etc. A complete bibliography of studies con-
ducted on E. fraudatrix up to 2015 was provided by Panina (2015).

The genus Eupentacta was erected by Deichmann (1938) to include the
type species Cucumaria quinquesemita Selenka, 1867 and a new species that
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she described, Eupentacta pseudoquinquesemita Deichmann, 1938. Panning
(1949) established the family Sclerodactylidae and placed the genus Eupen-
tacta in it. Unfortunately, he did not provide support for this decision, and sub-
sequent researchers did not provide the dedicated considerations of the genus
Eupentacta in their taxonomic studies. In the World Register of Marine Species
(WoRMS 2024a, Eupentacta Deichmann, 1938; https://www.marinespecies.
org/aphia.php?p=taxdetails&id=528610 ), the genus Eupentacta is included in
the family Sclerodactylidae with the following species assigned to it: Eupen-
tacta quinquesemita (with Cucumaria chronhjelmi Théel, 1886 as a synonym),
E. pseudoquinquesemita, E. fraudatrix, and E. exigua (Ludwig, 1875)(WoRMS
2024a; Eupentacta Deichmann, 1938; https://www.marinespecies.org/aphia.
php?p=taxdetails&id=528610).

Eupentacta fraudatrix is very common in bays of Primorsky Krai, southwest-
ern Sakhalin, and in the southern Kuril Islands at depths of 0-40 m, but mostly
at 0-10 m. Morphology, anatomy, skeletal elements, and distribution of this
species were described by Djakonov et al. (1958), Baranova (1971), Stukova
and Levin (1990), Levin and Bekova (2005), and Panina (2015). This species
was initially described in Cucumaria de Blainville, 1830 (Djakonov et al. 1958).
Baranova (1979) placed this species in Eupentacta without providing evidence
to support her viewpoint, but this placement was accepted by subsequent re-
searchers without comment, and this species is currently considered to be-
long to that genus (WoRMS 2024a; https://www.marinespecies.org/aphia.
php?p=taxdetails&id=528610).

The type species of Eupentacta, E. quinquesemita (Selenka, 1867), inhabits
waters off the Pacific coast of North America from Kodiak Island and Baranof
Island (Alaska) to southern California and Mexico at depths from 0 to 55 m.
Cucumaria chronhjelmi, which was described from Vancouver Island, was
synonymized to E. quinquesemita by Deichmann (1938: 110). Lambert (1997)
gave information on the biology of E. quinquesemita and the similar species
E. pseudoquinquesemita and provided a list of publications including these spe-
cies as model organisms off the west coast of Canada.

Eupentacta pseudoquinquesemita has been found near the Commander and
Aleutian Islands and along the North American Pacific coast from Kodiak Is-
land to Puget Sound at depths from 0 to 228 m. A brief description of its mor-
phology and skeletal elements was made available by Deichmann (1938) and
Lambert (1997).

Sclerodactyla Ayres, 1851 had been considered a synonym of Thyone Oken,
1815 for many years. Panning (1949) restored it as an independent genus and
designated it as the type genus of the family Sclerodactylidae, which he es-
tablished. The type species of Sclerodactyla is Holothuria briareus Lesueur,
1824 by original designation. Panning (1949) also placed Cucumaria longipeda
Semper, 1867 (now Phyllophorella longipeda, family Phyllophoridae) and Cu-
cumaria multipes Théel, 1886 in Sclerodactyla, but without discussion. Since
Panning (1949), Sclerodactyla has not been the subject of dedicated taxonomic
research. In WoRMS (2024c https://www.marinespecies.org/aphia.php?p=tax-
details&id=158531) , two species are assigned to Sclerodactyla: Sclerodactyla
briareus (Lesueur, 1824) and S. multipes (Théel, 1886).

Sclerodactyla briareus lives in waters off the North American Atlantic coast from
Nova Scotia to Florida, and in the Gulf of Mexico and off Venezuela. The species
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has been recorded from habitats at depths from 0 to 183 m (Hendler et al. 1995).
The external morphology, anatomy, and structure of skeletal elements were de-
scribed by Clark (1902), Coe (1912), Deichmann (1930), and Hendler et al. (1995).
Information on this species’ biology and a brief overview of studies on S. briareus
and its utility for biological research are provided by Hendler et al. (1995).
Sclerodactyla multipes was described from a single, fragmented specimen
from Yokohama, Japan (Théel 1886). Later, specimens identified as Cucumaria
multipes (= Sclerodactyla multipes) were collected off the Japanese coast, in-
cluding at Yokohama and along the Sea of Okhotsk coast of Hokkaido Island
(Mitsukuri 1912), in the Yellow Sea in Chinese waters, Chefoo Harbour (Chang
1948), and in the Korea Strait (Rho and Shin 1984; Shin and Rho 1996). These
articles provide descriptions and drawings of the external morphology, the cal-
careous ring, ossicles from the body wall, introvert, podia, and tentacles.
Because the taxonomic position of E. fraudatrix has not been well estab-
lished, we performed additional research on this species. In the last decade,
molecular genetics methods have been regularly used taxonomy, including in
the class Holothuroidea (e.g. Arndt et al. 1996; Miller et al. 2017). To clarify
the systematic position of E. fraudatrix, we analyzed ribosomal RNA (rRNA)
sequences in the 16S rRNA gene region and mitochondrial DNA (mtDNA) in
the cytochrome c oxidase (COI) gene. We also used data from GenBank for a
comparative analysis (https://www.ncbi.nlm.nih.gov/) with subsequent verifi-
cation using the MIDORI server (Leray et al. 2018). 16S rRNA and COl mtDNA
sequences were obtained from E. quinquesemita, the type species of the genus
Eupentacta, and E. pseudoquinquesemita. Sequence data were also collected
for the following species of Sclerodactyla, the type genus of the family Sclero-
dactylidae: S. briareus, the type species of the genus, and S. multipes. Unfortu-
nately, sequences of Chinese specimens treated as S. multipes in GenBank and
used in the current study have not been published, nor is their identity support-
ed by morphological data; obviously they cannot be attributed with certainty to
S. multipes. In other words, the possibility of misnamed specimens (as some-
times happens with GenBank records) cannot be ruled out. Despite this, we use
the name “S. multipes” to refer to these specimens, as they appear in GenBank.

Materials and methods

Three individuals of Eupentacta fraudatrix were collected from a depth of -4 m
in Patrokl Cove, Peter the Great Bay, Sea of Japan (43.1619°N, 131.9164°E) in
June 2021. From these individuals, tissue specimens were fixed in 95% ethyl al-
cohol. DNA was extracted from muscle tissue using a K-Sorb kit (Syntol LLC,
Moscow). A PCR was performed using the primers 16Sar/16Sbr (Palumbi 1996)
and LCO1490/HC02198 (Folmer et al. 1994), respectively, with a 20 pL cocktail
including 10 L AmpliTaq Gold 360 Master Mix (ThermoFisher Scientific, USA),
0.5 pL of each (forward and reverse) primer (10 uM), 0.16 L bovine serum albu-
min, 1 ng DNA, and deionized water for the remaining volume. The PCR algorithm
for both fragments consisted of preheating at 94 °C for 2 min and then 35 cycles
with denaturation at 94 °C for 30 s, annealing at 42 °C for 40 s, and elongation
at 72 °C for 1 min; the final stage of elongation lasted 10 min. Amplicons were
verified using electrophoresis in an 1% agarose gel (Helicon, Russia; https://
www.helicon.ru/), visualized with ethidium bromide under transmitted UV light.
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The alcohol-purified amplicons were used for forward and reverse stepping se-
quencing with appropriate primers (see above) and a BrightDye™ Terminator Cycle
Sequencing Kit v. 3.1 (NimaGen, The Netherlands). Capillary electrophoresis was
performed on an ABI Prism 3500 DNA sequencer. The obtained chromatograms
were edited in Geneious (Kearse et al. 2012). The sequences were deposited in
GenBank (Benson et al. 2018) under accession nos. OR288149-0R288151 (COI)
and OR289514-0R289515 (16S rRNA). Original specimens of fixed animals are
at the NSCMB FEB RAS in the personal collection of S.V. Turanov.

We accessed 21 COl mtDNA and 11 16S rRNA sequences from GenBank for
comparison. Alignment was carried out separately for each marker in the MEGA
7 software package (Kumar et al. 2016) by the Muscle algorithm (Edgar 2004).
Estimation of genetic distances, p-distances, was also performed in MEGA 7 (Nei
and Kumar 2000). External indels were encoded as missing data (“?”). Selection
of models for nucleotide substitutions and phylogenetic analysis of sequences
by the neighbor-joining (NJ) and maximum-likelihood (ML) techniques with eval-
uation of the stability of topologies by the nonparametric bootstrap test was car-
ried out using a set of respective functions in the phangorn (Schliep 2011) and
ape packages (Paradis et al. 2004) of the R environment (R Core Team 2021).
Bayesian-inference (Bl) phylogeny was inferred in the MrBayes 3.2.7 software
(Ronquist et al. 2012). A complex simultaneous selection of an optimal model
for nucleotide substitutions implemented in MrBayes and gene partitions that
that were taken into account (COI sequences) and were not taken into account
(16S rRNA sequences) was made on the basis of AIC value in the PartitionFinder
2.0 software (Guindon et al. 2010; Lanfear et al. 2012, 2014). The search for tree
topology and marginal values of a posteriori probability was performed by run-
ning four Markov chains forn = 100 generations. The rate of sampling topologies
and parameters by the metropolis algorithm was 1 per 100 generations. The first
25% of the trees corresponding to the burn-in step were discarded as subopti-
mal. A consensus tree was constructed based on the remaining n = 15,002 to-
pologies. The convergence indices (ESS, PSRF) indicated a sufficient sample for
all parameters. Combined visualization of the topologies was obtained by the co-
phylo function in the phytools package (Revell 2023). The NJ topology comprises
the basic tree for comparison and two others used for illustrative needs (Fig. 1).

Results and discussion

The length of the COIl sequences matrix after alignment was 888 base pairs
(bp). Of these, 267 sites were variable, including 162 parsimony informative and
103 singleton sites. The 16S rRNA sequence matrix after alignment consisted
of 569 bp, of which 186 were variable, including 97 parsimony informative and
88 singleton ones. In the COI phylogenetic tree (Fig. 1), a branch with significant
support was formed that combined two deeply divergent groups consisting of
the sequences of Eupentacta pseudoquinquesemita and E. quinquesemita (group
1, with high support scores of 99/96/99% for the three techniques used, con-
sequently), and also S. multipes and E. fraudatrix (group 2, with support scores
of 99/88/90%). Eupentacta pseudoquinquesemita and E. quinquesemita were
well-supported sisters, as were S. multipes and E. fraudatrix. The divergence
between members of these two groups have a p-distance of 0.06—0.07, and
0.05 between E. pseudoquinquesemita—E. quinquesemita and 0.03 between
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S. multipes—E. fraudatrix. Intraspecific p-distances were all <0.01. Sclerodactyla
was paraphyletic. However, in view of the possible mislabeling of five specimens
from China, we have to raise a question about the presence of a new taxon in the
area and will send a note to GenBank with the suggestion of relabeling these five
specimens. The rank of this taxon is subspecies—species, as we clarify below.

The 16S rRNA-based tree showed less comparative material, but the relation-
ships of the genera Eupentacta and Sclerodactyla, similarly, is paraphyletic and
certain tree topologies are unresolved. The main branch is well supported, but
represented by a large number of taxa, including Pentamera Ayres, 1852, whose
species diverged from other representatives with the p-distance of 0.08-0.11
(mean 0.09 + 0.01). The interspecific p-distance in this genus was 0.05. In the
Eupentacta—Sclerodactyla branch, which is also highly supported, the closest
branch comprised only of E. fraudatrix sequences. Eupentacta quinquesemita
took a basal position here. The interspecific divergence ranged from 0.03 (E. frau-
datrix-S. multipes) to 0.07 (E. fraudatrix—E. quinquesemita). The intraspecific vari-
ability was as above <0.01. The order of species, depending on distance from the
main branch, was as follows: Pachythyone rubra (Clark, 1901) (divergence with
respect to E. fraudatrix, 0.21) and Sclerodactyla briareus (0.22). Representatives
of the genus Pentactella Verrill, 1876 formed a clear outgroup in this topology.

In this paper, we combined information on 20 specimens for COl and seven
specimens for 16S rRNA from the genus Eupentacta (Fig. 1). Five specimens
from one area of China (unfortunately, no precise information was given on the
sample location by the submitters of sequences to GenBank, but provisionally
the samples were collected near Qingdao City) are obviously not a compre-
hensive sample. We are going to expand our research in the future, but for this
paper, the present samples appear suitable for a valid conclusion. Thus, the
divergence between specimens from Russia and China is close to 3%, as it is
given above. However, this amount of divergence cannot be explained by the
intraspecies variability, e.g., even our own dataset presented above and the one
comprised of COI and 16S rRNA sequences provide supportive information.
The divergence between members of two groups of S. multipes and E. frauda-
trix in the p-distance value was 0.06—0.07 (6—7%) with a mean of 0.065 + 0.005.
The divergence within the groups was 0.05 (E. pseudoquinquesemita—E. quin-
quesemita) and 0.03 (S. multipes—E. fraudatrix). The intraspecific p-distances
in all the above-listed species were not greater than 0.01 (1%). Looking at a
comprehensive review of over 20,000 invertebrate and vertebrate specimens,
the score of genetic distances estimated at different taxon levels could explain
the matter (e.g. Kartavtsev 2011, 2013). The distance data revealed increasing
levels of genetic divergence of the sequences of the two genes, cytochrome b
(Cyt-b) and COl, in the five groups compared: (i) populations within a species;
(i) subspecies, semi-species, or/and sibling species; (iii) species within a ge-
nus; (iv) species from different genera within a family; and (v) species from
separate families within an order. The mean unweighted scores of p-distances
(%) for these five groups for Cyt-b were as follows: (i) 1.38 + 0.30; (ii) 5.10
0.91; (i) 10.31 £ 0.93; (iv) 17.86 + 1.36; and (v) 26.36 + 3.88, respectively; and
for COlI, the scores were the following: (i) 0.89 * 0.16; (ii) 3.78 = 1.18; (iii) 11.06
+0.53; (iv) 16.60 £+ 0.69; and (v) 20.57 + 0.40. Evidently, the intraspecies level for
these two gene markers is approximately 1%, i.e., that is the exact value we had
in our multipes” and “fraudatrix” data for the two analyzed genes.
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Figure 1. Co-phylogram plot showing relationships of the genera Eupentacta and Sclerodactyla, with related holothurians,
as inferred from a phylogenetic analysis of the COI (left) and 16S rRNA (right) gene sequences. The trees were rooted
at a midpoint. The numerals at the nodes are nonparametric bootstrap test (NJ, ML) and a posteriori probability (BI, %)
values (the order is NJ/ML/BI). The dotted line connects the identifiers of the sequences from the same specimen. The
sequences obtained in the present study are indicated with bold letters. The scale on the left and right bottom shows the
relative length of branches in two gene trees.

We also must consider whether S. multipes from China is a separate tax-
on. The topology of the gene trees for COl and 16S rRNA may be even more
important, and this allows us to place the Chinese samples jointly with other
Eupentacta species, i.e., the topology in that part of the whole tree combines
‘multipes” and “fraudatrix”. The two trees show high support for the integrity
of each of the two datasets by the three techniques of tree building (Fig. 1;
99/88/90% for COl and 80/78/99% for 16S rRNA). Thus, molecular genetics
alone give good support to the Chinese samples as an independent taxon at
the subspecies/semi-species level and place it, with the reservations made in
the Introduction, definitely near the genus Eupentacta. DNA barcoding consid-
ers a 2—4% difference the threshold for the intraspecies/species discrimination
(Ward 2009; Turanov and Kartavtsev 2014).

A comparison of the morphological traits of S. briareus and S. multipes clearly
indicates that these species do not belong to the same genus. In S. briareus, tube
feet are located all over the body, while in S. multipes they are bounded only by
radii, as in Eupentacta. In S. briareus, the radial and interradial plates of the cal-
careous ring are connected for two-thirds of their length (Clark 1902: pl. 13, fig.
95; Panning 1949: 459); in S. multipes, the structure of the calcareous ring in the
holotype is unknown, but in the specimens that were subsequently identified as
S. multipes, the calcareous ring plates are connected only in the lower part (Chang
1948: 77, fig. 20j; Shin and Rho 1996: 541, fig. 136). The close similarity of Chinese
sequences to E. fraudatrix sequences raises doubts that Chinese researchers cor-
rectly identified the studied specimens, since the structure and composition of
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the ossicles vary greatly between E. fraudatrix and S. multipes. It is possible that
these workers were not dealing with S. multipes, but instead with a close relative
of E. fraudatrix, although neither E. fraudatrix nor forms close to this species had
previously been recorded off the Chinese coast. The taxonomic morphological
characters of S. briareus and S. multipes clearly indicate that S. multipes must
be excluded from Sclerodactyla. Sclerodactyla multipes should provisionally be
placed in the genus Sclerothyone Thandar, 1989 based on the structure of the
ossicles of the body wall. This placement is supported by the fact that the closely
related Havelockia nozawai (Mitsukuri, 1912), described from Japanese waters
and considered a possible synonym of Sclerodactyla multipes by Chang (1948:
76), was recently placed in Sclerothyone by Thandar (2021: 509-511).

Conclusions

The obtained molecular genetics data confirm the assignment of Cucumaria
fraudatrix from Russian waters to the genus Eupentacta. Sclerodactyla multipes
unequivocally cannot remain in the genus Sclerodactyla and, based on mor-
phological characters, should provisionally be placed in Sclerothyone. In the
diagnosis of Eupentacta, the molecular data and morphology of the calcareous
ring structure are considered. The diagnosis is given below.

The position of the genus Eupentacta in the system of the order Dendrochirot-
ida remains poorly resolved. Based on the calcareous ring structure, Eupentacta
does not fit well in the family Sclerodactylidae. In the description of Eupentac-
ta (Deichmann 1938: 110), it was noted that it is intermediate in position be-
tween the genera Pentamera (family Thyonidae) and Pentacta Goldfuss, 1820
(family Cucumariidae). Our analysis of molecular data indicates the proximity
of Eupentacta to Pentamera (Fig. 1). Our study supports the need for a revision
of the order Dendrochirotida, based on both molecular genetics and morpho-an-
atomical data collected by modern methods. Until the families Sclerodactylidae,
Sclerothyonidae, and Thyonidae are revised, we temporally leave Eupentacta in
the Sclerodactylidae. Below is an updated diagnosis of the genus Eupentacta.

Figs 2, 3 (a drawing and an SEM photomicrograph) illustrate the key morpho-
logical characters of the genus Eupentacta.

Figure 2. Part of the calcareous ring of Eupentacta fraudatrix. RDIR, right dorsal interradial plate; RVR, right ventral radi-
al plate; RVIR, right ventral interradial plate; MVR, medioventral radial plate; LVIR, left ventral interradial plate; LVR, left
ventral radial plate (from Baranova 1971).
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Figure 3. SEM photomicrographs of the body wall ossicles of Eupentacta species A-D E. quinquesemita, Mendocino,
California (holotype, Museum of Comparative Zoology at Harvard University) A basket B knobbed plate C fenestrated
hollow ellipsoid D very large scale-like multilayer plate E, F E. pseudoquinquesemita, Kodiak Island, Shelikof Strait, Uyak
Bay, Heard of Larson’s Inlet, Alaska (paralectotype, United States National Museum E2288) E basket F irregular plate with
tubercles rising above G, H E. fraudatrix, Peter the Great Bay, Vostok Bay, Russia G plate with oval disk with four holes and
a handle-like arch between the two holes in the longitudinal axis (underdeveloped table with modified 2-pillared spire?)
H plate with small elevation in the center. Scale bars: 10 um (A, B, E, G); 30 ym (F, H); 100 um (C, D).

Emended, updated diagnosis

Genus Eupentacta Deichmann, 1930

Medium-sized holothurians, with cylindrical body and rounded posterior end.
Tube feet confined to ambulacra; 10 tentacles, two ventral tentacles smaller than
others; anus surrounded by five small anal papillae. Radial plates of calcareous
ring with fairly short posterior processes smaller in length than plate height; pos-
terior processes consisting of 2—3 pieces; anterior part of radial plates narrowed
toward anterior margin; small notch present on anterior margin; interradial plates
triangular, pointed anteriorly, without posterior processes; medioventral radial
plate and two adjacent interradial plates fused together in the lower and middle
parts for approximately % of plate height into single plate; other radial and in-
terradial plates separate and articulate with each other only in their lower part.
Body wall ossicles: in outer layer of body wall in form of baskets; in deeper layers
of body wall different ossicles specific to each species present: large knobbed
plates, fenestrated hollow ellipsoids and very large scale-like multilayer plates
(in E. quinquesemita); irregular plates with tubercles rising above (in E. pseudo-
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quinquesemita); plates usually with oval disk with four or sometimes more holes
and a handle-like arch between the two holes in the longitudinal axis in the mid-
dle layer (underdeveloped tables with modified 2-pillared spire?), and different
plates with 4—6 and more holes up to large massive plates with numerous holes
with small elevation in the center in the deep layer (in E. fraudatrix). Tube feet os-
sicles supporting tables with elongated narrow base and small column or with
reduced column in form of bridge, and large, well-developed, rounded end plate.
Tentacle ossicles elongated rods with small holes.

Type species. Cucumaria quinquesemita Selenka, 1867.

Other species included. Eupentacta pseudoquinquesemita Deichmann, 1938;
Cucumaria fraudatrix Djakonov & Baranova in Djakonov, Baranova & Saveljeva,
1958, and in question Cucumaria exigua Ludwig, 1875.

Eupentacta differs from other genera of Sclerodactylidae and Thyonidae in the
structure of the calcareous ring: the medioventral radial plate is fused with the
adjacent interradial plates. Eupentacta also differs from Sclerodactyla Ayres, 1851
and Pachythyone Deichmann, 1941 (Sclerodactylidae) in having the podia restrict-
ed to radia, scattered over the whole body in Sclerodactyla, settled along the radii
and numerous in the interradii in Pachythyone, and strictly located along the radii
in Eupentacta; from the genus Sclerothyone (Sclerothyonidae) it differs by the pres-
ence of baskets in the surface layer of the body wall, and the absence of tables
with well-developed 2-pillared spires in the body wall. It differs from Pentamera
Ayres, 1852 (Thyonidae) by body shape: curved upwards and gradually tapering
posteriorly in Pentamera and cylindrical with rounded posterior end in Eupentacta.
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Abstract

A new genus of comb-tailed spider (Hahniidae), Sinahahnia gen. nov., is described based
on three new species from the high-altitude areas of China: Sinahahnia eyu sp. nov. (32,
Chongging and Hubei), S. fanjingshan sp. nov. (3 2, Guizhou), and S. yintiaoling sp. nov.
(2, Chongging). Digital images, illustrations, and a distribution map are provided.

Key words: Comb-tailed spider, description, morphology, taxonomy, Wuling Mountains

Introduction

The family Hahniidae is distinguishable from other spider families by its transverse-
ly oriented spinnerets. Although it is a widely distributed group, only 28 genera and
236 species have been described globally (WSC 2024). Most hahniid genera have
limited distributions, with the exception of the type genus, Hahnia C.L. Koch, 1841,
which is found throughout Africa, Europe, Asia, and North America.

Recently, several local studies have shown that the diversity of Hahniidae is
still not completely explored. For example, Dupérré and Tapia (2024) recently
recorded Hahniidae from Ecuador, describing for the first time three new gen-
era and 13 new species. A study on Chinese Hahniidae revealed four new gen-
era and 11 new species from southwest China and adjacent Southeast Asian
countries (Chu et al. 2023).

Here, we describe a new genus and three new species of Hahniidae from
Wuling Mountains area (Shennongjia in Hubei, Yintiaoling in Chongging, and
Fanjinshan in Guizhou). The most closely related hahniid genus is Troglohnia
Lin & Li, 2023, which is known from the caves of the Yunnan-Guizhou Plateau,
in the western Wuling Mountains.

Materials and methods

All specimens are preserved in 75% ethanol and were examined, illustrated, pho-
tographed, and measured using a Leica M205A stereomicroscope equipped with
a drawing tube, a Leica DFC450 Camera, and LAS v. 4.6 software. Male palps
and epigynes were examined and illustrated after they were dissected. Epigynes
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were cleared by immersing them in pancreatin for about 1 h (Alvarez-Padilla and
Hormiga 2007). Eye sizes were measured as the maximum dorsal diameter. Leg
measurements are shown as: total length (femur, patella and tibia, metatarsus,
tarsus). All measurements are in millimetres. Specimens examined here are de-
posited in the Collection of Spiders, School of Life Sciences, Southwest Univer-
sity, Chongging, China (SWUC). Terminology follows Zhang and Zhang (2013).

Abbreviations used in the text: ALE—anterior lateral eye; AME—anterior medi-
an eye; PLE—posterior lateral eye; PME—posterior median eye; RTA-retrolateral
tibial apophysis.

Taxonomy

Family Hahniidae Bertkau, 1878

Sinahahnia gen. nov.
https://zoobank.org/28AEBCF1-E818-49C4-9C8B-B4CEAF08C6D2

Type species. Sinahahnia eyu sp. nov.

Etymology. The generic name is a compound noun derived from the Latin
sinae (= the Chinese) and -Hahnia'.

Diagnosis. Species of Sinahahnia gen. nov. resemble those of Troglohnia in hav-
ing a similar slender embolus, large and membranous median apophysis, short
and strong patellar apophysis, and long, spiral copulatory ducts, but they differ by
the long embolus originating at a 6-0'clock position (vs 3-o'clock in Troglohnia), the
large membranous median apophysis originating from the prolateral part of the teg-
ulum (vs retrolateral in Troglohnia), RTA not bifurcated (vs bifurcated in Troglohnia)
(Figs 2A—C, 3C—E, 5A-C, 6C—E cf. Chu et al. 2023: figs 3C, 10A, B, 12A, B, 15A, B),
and the peanut-shaped or spherical spermathecae of the epigyne (vs oval in Tro-
glohnia) (Figs 2E, 3G, 4C, 5E, 6G, 7B, 8C cf. Chu et al. 2023: figs 11B, 13B, 14B, 16B).

Description. Small size (male: 1.65-1.94, female: 1.39-2.27). Carapace yel-
lowish brown. Eight eyes. Fovea vertical. Cervical groove and radial furrows
distinct. Chelicerae, yellowish brown. Labium yellowish brown, wider than long.
Endites yellowish brown, longer than wide. Sternum yellowish brown and scute-
llate with sparse black hairs. Chelicera with 1-3 promarginal and 5 retromar-
ginal teeth. Legs yellowish brown. Leg formula: 4123. Opisthosoma oval, dor-
sum yellowish brown, dorsally with five light chevrons, venter yellowish brown.

Male palp patella with 1 or 2 apophyses. RTA curved, short, as long as tibia.
Cymbial furrow as long as cymbium. Tegulum spherical, about 1/3 of length of
cymbium. Median apophysis large and membranous, arc-shaped, originating
from the prolateral part of the tegulum. Embolus originating at approximately
6-o'clock position (retrolateral part at 3:30 o'clock), long, slender, curved along
bulb, with its tip staying in cymbial furrow near embolic base.

Epigyne: epigynal plate wider than long. Copulatory openings small, conspic-
uous, located mid-ventrally on epigynal plate, not touching each other. Copula-
tory ducts thin, long, strongly coiled. Secondary spermathecae small, spherical,
located anteriorly. Spermathecae peanut-shaped or spherical.

Composition. Sinahahnia eyu sp. nov., S. fanjingshan sp. nov.,and S. yintiaoling
Sp. Nov.

Distribution. China (Hubei, Chongging, Guizhou) (Fig. 9).
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Sinahahnia eyu sp. nov.
https://zoobank.org/ADA60175-515D-4C96-8508-891D21B46501
Figs 1-4,9

Type material. Holotype & (SWUC-T-HA-10-01), CHINA, Hubei Prov., Shiyan
City, Zhushan Co., Liulin Township, Duheyuan Nature Reserve, 31°31'50"N,
110°0'29"E, elev. 1678 m, 19 September 2023, L.Y. Wang, et al. leg. Paratypes:

5 J

! 2 . “
4 : . S 3 g <

% m‘ & TP : . U

Figure 1. Living male specimen of Sinahahnia eyu sp. nov. (photo by Qian-Le Lu).

C

Figure 2. Sinahahnia eyu sp. nov. A-C holotype male D, E paratype female A left male palp, ventral view B same, retrolater-
al view C same, dorsal view D epigyne, ventral view E vulva, dorsal view. Abbreviations: CD = copulatory duct; CF = cymbi-
al furrow; CO = copulatory opening; E = embolus; FD = fertilization duct; MA = median apophysis; PA = patellar apophysis;
RTA = retrolateral tibial apophysis; Sp = spermatheca; Ss = secondary spermatheca.
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Figure 3. Sinahahnia eyu sp. nov. A, C—E holotype male B, F, G paratype female A male habitus, dorsal view B female
habitus, dorsal view C left male palp, ventral view D same, retrolateral view E same, dorsal view F epigyne, ventral view
G same, dorsal view.

148 49(SWUC-T-HA-10-02~06), same data as for holotype « 19 (SWUC-T-
HA-10-07), Chongging City, Wuxi Co., Yintiaoling Nature Reserve, Linkouzi, Fen-
shuihe, 31°29'47"N, 109°55'33"E, elev. 1796 m, 13 April 2022, LY. Wang leg.

Etymology. The specific name is derived from the Chinese word ‘€’ and
‘yu’, E is an abbreviated name for Hubei and Yu is an abbreviated name for
Chongging.
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Figure 4. Sinahahnia eyu sp. nov., paratype female (SWUC-T-HA-10-07) A female habitus, dorsal view B epigyne, ventral
view C same, dorsal view.

Diagnosis. The new species resembles S. fanjingshan sp. nov. (Figs 5, 6 cf.
Figs 2-4) in having a long, slender embolus, a large, membranous median apoph-
ysis, and long, spiral copulatory ducts, but the new species differs from the latter
by the twisted RTA with small thorns (vs curved and without thorn in S. fanjing-
shan sp. nov.), the single patellar apophysis (vs two in S. fanjingshan sp. nov.)
(Figs 2A-C, 3C—E cf. Figs 5A-C, 6C—E), the reniform spermathecae (Figs 2E, 3G,
4C cf. Figs 5E, 6G) (vs peanut-shaped in S. fanjingshan sp. nov.).

Description. Male holotype (Fig. 3A) total length 1.88. Carapace 0.92 long,
0.73 wide; opisthosoma 0.99 long, 0.76 wide. Eye sizes and interdistances:
AME 0.03, ALE 0.06, PME 0.06, PLE 0.07; AME-AME 0.02, AME-ALE 0.01,
PME-PME 0.04, PME-PLE 0.02, ALE-PLE 0.02. MOA 0.14 long, anterior width
0.09, posterior width 0.17. Clypeus height 0.09. Chelicerae with 2 promarginal
and 5 retromarginal teeth. Leg measurements: | 2.49 (0.70, 0.78, 0.55, 0.46); I
2.29 (0.65, 0.78, 0.49, 0.37); 111 1.92 (0.52, 0.56, 0.45, 0.39); IV 2.51 (0.75, 0.75,
0.56, 0.45).

Palp (Figs 2A—-C, 3C~-E). Patellar apophysis curved, short, about 1/3 length
of patella, with sharp tip. RTA spiral, with some small thorns. Cymbial furrow
as long as cymbium. Median apophysis membranous. Embolus originating at
approximately 6-o'clock position, slender, curved along with bulb, its tip staying
in cymbial furrow near embolic base.
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One of the paratypes (SWUC-T-HA-10-02, Fig. 3B) total length 2.27. Carapace
0.97 long, 0.70 wide; opisthosoma 1.38 long, 1.08 wide. Eye sizes and interdis-
tances: AME 0.04, ALE 0.08, PME 0.07, PLE, 0.08; AME-AME 0.03, AME-ALE
0.01, PME-PME 0.05, PME-PLE 0.02, ALE-PLE 0.01. MOA 0.15 long, anteri-
or width 0.11, posterior width 0.19. Clypeus height 0.07. Leg measurements: |
2.08 (0.57, 0.71, 0.42, 0.38); 11 2.01 (0.60, 0.64, 0.39, 0.38); Il 1.76 (0.51, 0.56,
0.36,0.33); IV 2.33 (0.63,0.76, 0.52, 0.42).

Epigyne and vulva (Figs 2D-E, 3F, G, 4B, C). Epigynal plate wider than long.
Copulatory openings small, located mid-ventrally on epigynal plate. Copulatory
ducts thin, long, wrapped three times around secondary spermathecae. Sec-
ondary spermathecae small, located anteriorly. Spermathecae reniform, more
than twice as large as secondary spermathecae. Fertilization ducts spiral and
hook-like.

Variation. Males (n = 2) total length 1.76-1.88; females (n = 5) total length
1.86-2.27.

Distribution. China (Chongqing, Hubei) (Fig. 9).

Sinahahnia fanjingshan sp. nov.
https://zoobank.org/D59809F3-05ED-4387-813B-8809A9E55739
Figs 5,6, 9

Type material. Holotype 3 (SWUC-T-HA-11-01), CHINA, Guizhou Prov., Tongren
City, Songtao Co., Wuluo Town, Fanjingshan Nature Reserve, near Maxi'ao Tun-
nel, 28°01'09"N, 108°45'24"E, elev. 1239 m, 11 October 2013, L.Y. Wang, D. Wang
and X.K. Jiang leg. Paratypes: 134 29 (SWUC-T-HA-11-02~04), with same data
as for holotype *+ 129 (SWUC-T-HA-11-05~16), Fanjingshan Nature Reserve,
Jinding, 27°54'29"N, 108°41'52"E, elev. 2214 m, 29 September 2013, L.Y. Wang,
D. Wang and X.K. Jiang leg. * 19 (SWUC-T-HA-11-17), Fanjingshan Nature Re-
serve, Mianxuling, 27°54'32"N, 108°39'49"E, elev. 1974m, 30 September 2013,
L.Y. Wang, D. Wang and X .K. Jiang leg. * 14 29 (SWUC-T-HA-11-18~20), same
data as for holotype except date, 5 October 2013.

Etymology. The specific name is derived from the type locality; it is a noun
in apposition.

Diagnosis. The new species resembles S. eyu sp. nov. (Figs 2-4 cf. Figs 5,
6) in having a long, slender embolus, a large, membranous median apophysis,
and long, spiral copulatory ducts, but the new species differs from the latter
in having a curved RTA (vs twisted and with small thorns in S. eyu sp. nov.),
a bifurcated patellar apophysis (vs single in S. eyu sp. nov.), a finger-shaped
retrolateral patellar apophysis (vs absent in S. eyu sp. nov.) (Figs 5A-C, 6C-E
cf. 2A-C, 3C-E), and a peanut-shaped spermathecae (vs reniform in S. eyu sp.
nov.) (Figs 5E, 6G cf. 2E, 3G, 4C).

Description. Male holotype (Fig. 6A) total length 1.65. Carapace 0.81 long,
0.57 wide; opisthosoma 0.77 long, 0.56 wide. Eye sizes and interdistances: AME
0.02, ALE 0.06, PME 0.05, PLE 0.06; AME-AME 0.02, AME-ALE 0.01, PME-PME
0.04, PME-PLE 0.02, ALE-PLE 0.01. MOA 0.11 long, anterior width 0.04, poste-
rior width 0.16. Clypeus height 0.12. Chelicerae with 1 promarginal and 5 retro-
marginal teeth. Leg measurements: | 2.19 (0.62, 0.72, 0.46, 0.39); 11 1.96 (0.57,
0.62,0.40,0.37); 111 1.80 (0.52, 0.56, 0.39, 0.33); IV 2.25 (0.63, 0.73, 0.50, 0.39).
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Figure 5. Sinahahnia fanjingshan sp. nov. A—C holotype male D, E paratype female A left male palp, ventral view B same,
retrolateral view C same, dorsal view D epigyne, ventral view E vulva, dorsal view. Abbreviations: CD = copulatory duct; CF. =
cymbial furrow; CO = copulatory opening; E = embolus; FD = fertilization duct; MA = median apophysis; PA = patellar apophy-
sis; RPA =retrolateral patellar apophysis; RTA = retrolateral tibial apophysis; Sp = spermatheca; Ss = secondary spermatheca.

Palp (Figs 5A-C, 6C—E). Patellar apophysis curved, short, about 1/3 length of
patella, with a bifurcated end. Retrolateral patellar apophysis finger-shaped. RTA
curved, as long as tibia. Cymbial furrow as long as cymbium. Median apophysis
membranous. Embolus originating at approximately 6-o'clock position, slender,
curved along with bulb, its tip staying in the cymbial furrow near embolic base.

One of the paratypes (SWUC-T-HA-11-02, Fig. 6B) total length 1.39. Carapace
0.69 long, 0.50 wide; opisthosoma 0.72 long, 0.53 wide. Eye sizes and interdis-
tances: AME 0.02, ALE 0.04, PME 0.04, PLE, 0.06; AME-AME 0.01, AME-ALE
0.01, PME-PME 0.05, PME-PLE 0.02, ALE-PLE 0.01. MOA 0.09 long, anteri-
or width 0.05, posterior width 0.15. Clypeus height 0.08. Leg measurements: |
1.59 (0.48, 0.51, 0.31, 0.29); 11 1.46 (0.45, 0.46, 0.29, 0.26); Il 1.33 (0.38, 0.42,
0.28,0.25); 1V 1.72 (0.53, 0.53, 0.37, 0.29).

Epigyne and vulva (Figs 5D, E, 6F, G). Epigynal plate wider than long. Copu-
latory ducts thin and long, wrapped three times around secondary spermathe-
cae . Secondary spermathecae small, anteriorly located. Spermathecae pea-
nut-shaped, more than twice as large as secondary spermathecae. Fertilization
ducts small, hook-like.
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Figure 6. Sinahahnia fanjingshan sp. nov. A, C-E holotype male B, F, G paratype female A male habitus, dorsal view
B female habitus, dorsal view C left male palp, ventral view D same, retrolateral view E same, dorsal view F epigyne, ven-
tral view G same, dorsal view.

Variation. Males (n=3) total length 1.65-1.94; females (n=17) total length
1.39-1.83.
Distribution. Known only from the type locality in Guizhou, China (Fig. 9).

Sinahahnia yintiaoling sp. nov.
https://zoobank.org/663B4C66-FADB-474D-8D6A-E20DEEE56931
Figs 7-9

Type material. Holotype @ (SWUC-T-HA-12-01), CHINA, Chongging City, Wuxi
Co., Yintiaoling Nature Reserve, Guanshan, Shizhuzi, 31°32'15"N, 109°41'49"E,
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A-B, 0.2 mm

Figure 7. Sinahahnia yintiaoling sp. nov., holotype female A epigyne, ventral view B vulva, dorsal view. Abbreviations: CD
= copulatory duct; CO = copulatory opening; FD = fertilization duct; Sp = spermatheca; Ss = secondary spermatheca.

) { - &

Figure 8. Sinahahnia yintiaoling sp. nov., holotype female A female habitus, dorsal view C epigyne, ventral view D same,
dorsal view.

elev. 2147 m, 1 September 2020, Z.S. Zhang, L.Y. Wang, Y. Zhang and P. Liu leg.
Paratypes: 89 (SWUC-T-HA-12-02~09), with same data as for holotype.

Etymology. The specific name is derived from the type locality; it is a noun
in apposition.

Diagnosis. The new species resembles S. eyu sp. nov. (Figs 2-4 cf. Figs 7,
8) in having long and spiral copulatory ducts, but the new species differs from
the latter in the large copulatory openings and the spherical spermathecae
(vs small copulatory openings and reniform spermathecae in S. eyu sp. nov.)
(Figs 7, 8B, C cf. Figs 2D-E, 3F, G, 4B, C).
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Figure 9. Distribution of Sinahahnia in China.

Description. Female holotype (Fig. 8A) total length 2.23. Carapace 1.01
long, 0.74 wide; opisthosoma 1.35 long, 1.04 wide. Eye sizes and interdistanc-
es: AME 0.03, ALE 0.06, PME 0.07, PLE 0.08; AME-AME 0.02, AME-ALE 0.01,
PME-PME 0.06, PME-PLE 0.03, ALE-PLE 0.01. MOA 0.17 long, anterior width
0.10, posterior width 0.18. Clypeus height 0.09. Chelicerae with 3 promarginal
and 5 retromarginal teeth. Leg measurements: | 2.23 (0.66, 0.75, 0.43, 0.39); Il
2.09 (0.65, 0.65, 0.42, 0.37); 111 2.00 (0.58, 0.62, 0.41, 0.39); IV 2.51 (0.72, 0.81,
0.57,0.41).

Epigyne and vulva (Figs 7A, B, 8B, C). Epigynal plate wider than long. Copula-
tory openings small, located mid-ventrally on epigynal plate. Copulatory ducts
thin, long, wrapped four times around secondary spermathecae. Secondary
spermathecae small, anteriorly located. Spermathecae spherical, more than
twice as large as secondary spermathecae. Fertilization ducts small, hook-like.

Male unknown.

Variation. Females (n=9) total length 2.06-2.23.

Distribution. Known only from the type locality in Chongging, China (Fig. 9).
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Abstract

The rare bee genus Habrophorula Lieftinck, 1974 is recorded for the first time from
Vietnam. The genus is represented by a new species, Habrophorula belladeceptrix Tran,
Engel & Nguyen, sp. nov., from Cao Bang Province and can be most easily confused
with H. nigripes Wu from China. The species is most easily differentiated by the unique
form of the male terminalia but can also be distinguished by differences in integumen-
tal and setal coloration. A revised key is provided to the species of the genus. Females
of the new species were collected at flowers of Saurauia roxburghii Wall. and Saurauia
napaulensis DC. (Actinidiaceae); males were collected at flowers of Lantana camara L.
(Verbenaceae).

Abstract in Viethamese

M6t gidng ong hiém co tén Habrophorula Lieftinck [an dau tién dugc ghi nhan & Viét
Nam. Trong gidng nay, Habrophorula belladeceptrix Tran, Engel, & Nguyen, sp. nov. dugc
phét hién & tinh Cao Bang va loai nay rat dé nham Ian vdi loai H. nigripes Wu tirng duoc
ghi nhan tai Trung Qudc. Chung khac vdi cac loai Habrophorula con lai & hinh dang doc
dao cda bd phan sinh duc duc, mau séc cua cac dot bung va I6ng. Khoa dinh loai dén
loai ctia gidng nay dugc cap nhat. C4 thé céi cua loai ong nay duoc thu thap trén hoa cla
loai Néng roxburgh Saurauia roxburghii Wall. va Néng hoa nhon Saurauia napaulensis
DC. thudc ho Duong dao (Actinidiaceae), ca thé duc dugc ghi nhén trén hoa cua loai
Béng 6i Lantana camara L. thudc ho C roi ngua (Verbenaceae).

Key words: Anthophorini, Apoidea, morphology, new record, systematics, taxonomy,
Vietham

Introduction

The uncommon southern Asian bee genus Habrophorula Lieftinck, 1974 be-
longs to the small Elaphropoda-group of the subfamily Anthophorinae (Michen-
er 2007; Engel 2018; Orr et al. 2022). The genus is distinguished from others in
this group by the following features: clypeus not greatly protuberant, extending

261



Ngat Thi Tran et al.: The bee genus Habrophorula in Vietnam

anteriorly by about one-half compound eye width or less in profile; mandible
tridentate; third submarginal cell about as wide on anterior margin as on pos-
terior margin; hind leg of male not enlarged, metatrochanter lacking rounded
projection; metasomal tergum VIl and sternum VI of male not attenuate, apex
of tergum VI nearly always bidentate or with emarginate apical truncation; ster-
num VII of male transverse, disc much broader than long, without apical pro-
cess (Lieftinck 1974; Michener 2007). Individuals of Habrophorula are collected
infrequently, and hitherto there have been only four species known, all from
southern China (Wu 1991, 2000).

Here, Habrophorula is newly recorded for the first time from Vietnam, based
on a series of females and males of a new species. We provided a description
and figures for the new species along with a revised key for the identification
of taxa in the genus.

Materials and methods

Specimens examined in this study are deposited in the collection of Hymenop-
tera of the Institute of Ecology and Biological Resources (IEBR), Hanoi, Vietnam,
and in the Division of Invertebrate Zoology, American Museum of Natural His-
tory, New York, New York (AMNH). Adult morphological and color characters
were examined with a Nikon SMZ745 stereomicroscope, while images were
photographed with a Nikon SMZ800N digital stereomicroscope, and with an at-
tached ILCE-5000L/WAP2 digital camera. Stacked focus images were prepared
using Helicon Focus 7. Lastly, all files were processed with Adobe Photoshop
CS6. Male terminalia were dissected from relaxed specimens and then treated
with Proteinase K so as to remove tissue and partially clear the integument.
The morphological terminology used in the descriptions follows Engel (2001)
and Michener (2007), with the following body metrics in mm (as used in Tran
et al. 2022, 2023): body length: measured from the base of the antennal toru-
lus to the metasomal apex (in dorsal view), head length: measured from the
medioapical margin of the clypeus to the upper margin of the vertex (in facial
view), head width: measured at the widest point of the head across the com-
pound eyes (in facial view), eye width: the greatest width of the compound eye
(in profile), genal width: the greatest width of the gena (in profile), intertegular
distance: measured between the inner rims of the tegulae (in dorsal view). The
abbreviations F, S, and T (followed by Arabic numerals) refer to numbered flag-
ellomeres, metasomal sterna, and metasomal terga, respectively.

Systematics

Genus Habrophorula Lieftinck, 1974

Habrophorula Lieftinck, 1974: 217. Type species: Habropoda nubilipennis
Cockerell, 1930, original designation.

Note. This is an uncommon genus that superficially resembles the more wide-
ly distributed Elaphropoda Lieftinck, species which are often more reddish in
color. Unlike Elaphropoda the third submarginal cell is about as wide anteriorly
as it is posteriorly (the cell is wider posteriorly in Elaphropoda); the clypeus
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is only moderately convex and not greatly protuberant, extending only about
one-half the compound eye width, or less, in front of the compound eye when
viewed in profile (except in the new species); male hind leg unmodified, me-
tatrochanter lacking a rounded projection (hind leg of male enlarged, meta-
trochanter with broadly rounded projection in Elaphropoda); and tergum VII
and sternum VI of the male not attenuate, apex of tergum VI of male with
apical truncation weakly emarginate medially, and sternum VIl of male with
disc broader than long and lacking an apical process (tergum VIl and sternum
VI somewhat attenuate, tergum VI not emarginate, and sternum VIl slightly
broader than long and with apical process present in Elaphropoda) (Michener
2007; Engel 2018). Table 1 gives a summary of species currently included in
Habrophorula, including species treated in this study, and with information on
the known sexes and distribution.

Table 1. Summary of species currently in the genus Habrophorula Lieftinck (Anthophorini).

Species Sexes known Distribution
Habrophorula belladeceptrix sp. nov. 3 Vietnam (Cao Bang)
Habrophorula ferruginipes Wu, 1991 d China (Guangxi)
Habrophorula nigripes Wu, 1991 4 China (Guizhou)
Habrophorula nubilipennis (Cockerell, 1930) 3 China (Fujian, Hunan)
Habrophorula rubigolabralis Wu, 2000 Q China (Jiangxi)

Recently, Orr et al. (2022) treated the monotypic Varthemapistra Engel, 2008
as a synonym of Habrophorula. However, such a decision seems ill-advised
at present, especially given that representatives of all anthophorine genera
were included in the analysis with the exception of Varthemapistra, the sole
specimen of which was also never examined by the authors. Engel (2018) did
note that Varthemapistra might eventually be considered a subgenus of Hab-
rophorula but in the absence of cladistic evidence for its placement as within
or sister to Habrophorula or even a more inclusive clade of Habrophorula and
other genera, any decision regarding its ultimate classification should await
the discovery of additional specimens, particularly the currently unknown male.
The simple female mandible of Varthemapistra edentata Engel, 2018 is not the
result of wear as is easily evident from the holotype (which also does not show
other signs of usual wear) and that both mandibles are identical (refer to Engel
2018: fig. 4 and discussion therein). The simple mandible is unique among an-
thophorines and, as such, while distinctive, is an autapomorphy. Varthemapist-
ra was distinguished from Habrophorula and other anthophorines not only on
the autapomorphic absence of mandibular teeth but also characters of the cly-
peus, metatibia, and especially forewing. It therefore seems groundless and
unwarranted to place V. edentata in Habrophorula without cladistic evidence
indicating the former renders the latter paraphyletic. Thus, given its unique
suite of characters, its unique biogeographic occurrence relative to species
of Habrophorula, and the possibility that it may be sister to Habrophorula (in
which case its recognition as a genus or a distinctive subgenus serves to em-
phasize its unique characters and distribution), we retain the genus as distinct
from Habrophorula.
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Habrophorula belladeceptrix Tran, Engel & Nguyen, sp. nov.
https://zoobank.org/70DFD59A-1C27-4BF9-9097-30988B462051
Figs 1-26

Diagnosis. This species can be distinguished from among its congeners by
the clypeus and supraclypeal area rather convex, extending in front of the com-
pound eye almost as much as the compound eye width in profile, in this respect
resembling the genus Elaphropoda (but can be distinguished from this genus
by all of the other aforementioned characters). It could be easily confused with
other species of Habrophorula, if ignoring the more protuberant clypeus, which
have black legs and black apical margins of the metasomal terga, but differs
in the fine clypeal markings of the female, the setal coloration of the male, and
the male terminalia (Figs 18-21). Males could be confused with H. nigripes Wu
except for the clypeal markings and setal coloration (vide key, infra) and, most
notably, in the differences of the terminalia (cf. Wu 2000: fig. 186), particular-
ly the forms of the hidden sterna. The terminalia somewhat resemble those
of H. nubilipennis except in the new species sternum VIl is narrower, sternum
VIl is deeply concave medioapically, and the gonostylar setae are denser and
more elongate.

Type material. Holotype. VIETNAM: @, Cao Bang, Nguyen Binh, Phan Thanh,
Salmon Station 2, Phia Oac-Phia Den National Park, 22°35'28"N, 105°51'20"E,
alt. 1046 m, 2.vi.2023 [2 June 2023], NT Tran leg. (IEBR). Paratypes. VIETNAM:
2399, same data as holotype (IEBR, 229 AMNH); 2.vii.2022 [2 July 2022];
19, Cao Bang, Nguyen Binh, Phan Thanh, Phia Oac-Phia Den NP, 22°35'03"N,
105°51'40"E, alt. 944 m, 9.vi.2020 [9 June 2020], LX Truong, LTP Nguyen, CQ
Nguyen, HD Nguyen, NT Tran, TV Mai, UTP Tran leg.; 84 &, Nguyen Binh, Phan
Thanh, Ca My Station of Resources Protection, Phia Oac-Phia Den National
Park, 22°38'30"N, 105°50'59"E, alt. 1009 m, 7.vi.2020 [7 June 2020], LX Truong,
LTP Nguyen, CQ Nguyen, HD Nguyen, NT Tran, TV Mai, UTP Tran leg. (IEBR, 283
AMNH); 184, alt. 1009 m, 3.vi.2023 [3 June 2023], NT Tran leg.

Description. ¢: Total body length 12 mm, forewing length 9 mm.

Structure. Head broader than long, about 1.4x as broad as long, head length
3.1 mm, width 4.4 mm (Fig. 3); compound eyes about 2x genal width; mandi-
ble with three teeth (as preserved, teeth relatively worn apically, and preapical
tooth nearly completely worn) (Fig. 7); clypeus broader than long, about 1.5x as
broad as long; clypeus and supraclypeal area rather convex, extending in front
of compound eye almost as much as compound eye width in profile (unique to
genus); labrum apically with small median emargination; scape slender, about
3.5x as long as broad, pedicel approximately 1.1x as broad as long and about
0.4x length of F1, F1 longer than broad and approximately 2x length of F2, F3-9
ascending in length, F3-5, F6—-7, and F8-9 subequal in length, F10 longest flag-
ellomere, about 1.4x as long as broad (Fig. 8). Mesosoma approximately as
broad as long; mesoscutellum short and with apical margin rounded, not over-
hanging metanotum (Fig. 2). Forewing with three submarginal cells, first and
third submarginal cells broader than second submarginal cell, Tm-cu entering
near apex of second marginal cell (Fig. 9). Metabasitibial plate large (Fig. 1).
Metasoma rather heart-shaped (Fig. 2); pygidial plate large, rounded apically
(Fig. 10).
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Figures 1, 2. Habrophorula belladeceptrix sp. nov., female 1 habitus, lateral view 2 habitus, dorsal view. Scale bars: T mm.

Sculpturing and texture. Clypeus and supraclypeal area with dense, coarse
punctures, such punctures becoming elongate apically to give surface a wrin-
kled appearance (Fig. 3); paraocular area below antennal torulus with punctures
similar to elongate punctures of clypeus except shallow and more spaced; frons
and vertex with small, round, dense punctures separated by less than a punc-
ture width, such punctures in ocellocular area becoming sparse, integument be-
tween punctures smooth; gena with dense, elongate punctures. Mesoscutum
and mesoscutellum with large, round, dense punctures separated by much less
than a puncture width; metanotum with punctures similar to mesoscutellum
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5

Figures 3—6. Facial marks variation of Habrophorula belladeceptrix sp. nov., female 3 holotype 4-6 paratypes. Scale
bars: 1T mm.

Figures 7-10. Habrophorula belladeceptrix sp. nov., female 7 mandible, latero-dorsal view 8 left antenna 9 left forewing
10 pygidial plate, dorsal view. Scale bars: 0.5 mm (7, 8); 1 mm (9, 10).
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12 ~ 4

Figures 11, 12. Habrophorula belladeceptrix sp. nov., male 11 habitus, lateral view 12 habitus, dorsal view. Scale
bars: T mm.

except smaller, such punctures becoming fainter mesally and integument more
imbricate; pleura with punctures similar to mesoscutum except contiguous;
basal area of propodeum wholly vertical, scarcely differentiated from posterior
surface, with punctures similar to mesoscutellum on basal area and lateral and
posterior surfaces. Metasomal terga with small, round, punctures separated
by a puncture width, integument between smooth and matte, such punctures
denser in apical marginal zones and progressively so laterally on each tergum
and on more apical terga; sterna with coarser punctures than those of terga,
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Figures 13-17. Habrophorula belladeceptrix sp. nov., male 13 head, facial view 14 labrum and mandible, dorsal view
15 left antenna. 16 right forewing 17 metasomal tergum VII, dorsal view. Scale bars: 0.5 mm (14, 17); 1 mm (13, 15, 16).

separated by less than a puncture width, smaller and denser toward apical mar-
ginal zones, narrow apical margins impunctate, pregradular surfaces impunc-
tate and imbricate.

Color. Labrum brown, except yellowish mark medially (Fig. 3); mandible with
yellow mark basally, then brown to black on remainder (Fig. 7); paraocular area
with yellowish marking extending along inner margin to level of antennal toruli, ex-
cept black spot on upper side of clypeus; clypeus black, except inverted yellowish
T-shaped mark medially and apically, and brown mark apically; supraclypeal area
with small yellowish mark medially (Fig. 3). Yellowish marks of labrum, clypeus and
paraocular area variety in paratypes (Figs 4-6). Remainder of integument black.

Pubescence. Clypeus with some short, yellowish setae intermixed with black
setae latero-apically; paraocular area with short, yellowish setae intermixed with
sparse black setae; scape with long, brownish black setae; face above antennal
torulus with yellowish tuft of setae (Fig. 3); vertex with long, blackish setag; oc-
ciput with long, yellowish, dense setae. Mesosoma with long, dense, yellowish se-
tae intermixed with blackish setae anteriorly and yellowish setae laterally (Figs 1,
2), such setae sparse to absent on disc. Coxae and trochanters with dense, yel-
lowish setal tufts ventrally; outer surface of mesotibia and mesobasitarsus with
long, yellowish-orange setae, inner surface of mesobasitarsus with short, dense,
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Figures 18-21. Habrophorula belladeceptrix sp. nov., male terminalia 18 metasomal sternum VIl 19 metasomal sternum
VIII 20 genitalia, dorsal view 21 genitalia, ventral view. Scale bars: 0.5 mm.

orange setae; outer surface of metatibia and metabasitarsus with yellowish-or-
ange scopal setae. Apical margins of metasomal T1-3 with short, yellowish se-
tal bands, interrupted medially; T4 with short setal band apically; T5 with long,
dense, orange setae (Fig. 2); T6 covered with orange setae lateral to pygidial plate
(Fig. 10); S2—4 apical margins with long, sparse, yellowish-orange setae; S5 api-
cal margin with long, dense, orange setae; S6 apically with orange setal tufts.

&: Total body length about 10 mm, forewing length 9 mm. Head in facial view
with yellowish marks as in Figs 13-15; mandible with three teeth, prominent
preapical tooth and two long apical teeth (Fig. 14); antenna with scape about
2.5x as long as broad, F1 approximately 0.8x length of F2, F3-10 subequal in
length, F11 longest flagellomere (Fig. 15); forewing as in Fig. 16; T7 with apical
margin concave medially to form short, broad, paramedial lobes (Fig. 17). Male
terminalia as in Figs 18-21.

Sculpturing as described for female (vide supra) except coarse punctures of
sterna sparser.

Integument black except mandible largely yellow with black apex, labrum yellow
withbasolateralovalsofsemitranslucentbrown;clypeuswithlarge,inverted-T-shaped
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yellow marking; paraocular area below antennal torulus pale yellow to off-white,
somewhat diaphanous; venter of scape with yellow longitudinal stripe.

Metasomal T1 basally and laterally with relatively long, yellowish-orange
setae; T1-T5 apically with short, yellowish-orange to yellowish setal bands,
broadly interrupted medially (Figs 11, 12).

Etymology. The specific epithet is a combination of the Latin adjectives bella,
meaning, “beautiful”, and déceptrix, meaning, “she who deceives”.

Remarks. This species was collected exclusively from Phia Oac-Phia Den Na-
tional Park, Cao Bang Province (Figs 22, 25). Females were collected from flow-
ers of Saurauia roxburghii Wall. (Fig. 23) and Saurauia napaulensis DC. (Actinidia-
ceae) (Fig. 24), which are relatively common on the sides of roads. Its associated
sex was recorded from flowers of Lantana camara L. (Verbenaceae) (Fig. 26).

Revised key to species of Habrophorula

The following key is expanded and revised from that presented by Wu (2000).
Characteristics for the key were extracted from the original descriptions of the
species (Lieftinck 1974; Wu 1991, 2000), and the examination of identified spe-
cies in the Division of Entomology, University of Kansas Natural History Museum.
The male of H. rubigolabralis and the female of H. ferruginipes remain unknown.

2(1) Metasomal T1-4 with apical margins black; body lengths 10.5-13 mm....3
- Metasomal T1-4 with apical margins broadly reddish brown; body lengths

T3=T4 MM it H. nubilipennis (Cockerell)
3(2) Legs black; clypeus variable, but markings never reddish brown, instead
YEHOW <ottt ettt 4

—  Legs brown; clypeus black with reddish brown inverted T-shaped mark
medially and apically, apical portion long and with mountain-peak-shaped
extensions on either side of middle stripe (see Wu 2000: fig. 187); body

length TO.5 MM oo H. rubigolabralis Wu
4(3) Clypeus black with thin, yellow inverted T-shaped mark medially and api-
cally; body length 12 mm.........ccooieiiieiiiiee, H. belladeceptrix sp. nov.

—  Clypeus largely yellow, with large extensions of black basolaterally and ex-
tending to about two-thirds length (see Wu 2000: fig. 186g); body lengths
T2= T3 MM ettt H. nigripes Wu

5(1) Legs yellow to testaceous or reddish brown; clypeus with yellow mark-
ings; mesosoma with yellow or griseous setae ...........ccccccoeeveeuieeiereennnne. 6

—  Legs black; clypeus with yellow or cream white markings; mesosoma cov-
ered with yellow or tawny setae; body length TOmm.........cooooiiiiiinis 7

6(5) Legs and tegula reddish brown, antenna reddish brown; mesosoma covered
with griseous setae; body length 12 mm. ............. H. nubilipennis (Cockerell)

—  Legs and tegula yellow, antenna dark brown; mesosoma covered with yel-
low setae; body length 10 Mmoo H. ferruginipes Wu

7(5) Clypeus with yellow markings; mesosoma with yellow setae except more
tawny on pleura and propodeum............c.cccue..... H. belladeceptrix sp. nov.

—  Clypeus with cream white markings; mesosoma with yellow setae............
................................................................................................. H. nigripes Wu
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R b, - b X
Figures 22-26. Habitat and floral associations of Habrophorula belladeceptrix sp. nov. in Vietnam 22 habitat where fe-
males were found 23 flowers of Saurauia roxburghii Wall. (Actinidiaceae) at which females were collecting 24 flowers of
Saurauia napaulensis DC. (Actinidiaceae) at which females were collected 25 habitat where males were found 26 flowers
of Lantana camara L. (Verbenaceae).
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