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Abstract

This study describes two new species within the genus Paranemachilus. Paranemachilus luegvetensis sp. nov. and Paranemachilus
liui sp. nov. can be distinguished from all recognized congeners by a combination of morphological characteristics and substantial
genetic divergences. Paranemachilus luegvetensis sp. nov. is characterized by scaled cheeks; the whole body covered in scales,
except for the head; 11-12 branched pectoral fin rays; 4-5 preoperculomandibular canal pores; body depth 13.5%—16.8% of stan-
dard length; and preanus length 68.3%—-73.9% of standard length. Paranemachilus liui sp. nov. is characterized by scaled cheeks;
the whole body covered in scales except for the head; 11-13 branched pectoral fin rays; 11-15 supraorbital canal pores at the base
of the anterior nostrils; 7-9 preoperculomandibular canal pores; preanus length 67.4%—74.3% of standard length; snout length

21.4%—28.7% of lateral head length.
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Introduction

The genus Paranemachilus Zhu, 1983, is classified with
the family Nemacheilidae of the order Cypriniformes.
Despite its type species, Paranemachilus genilepis Zhu,
1983, being characterized by scaled cheeks (Zhu, 1983),
later described species, such as Paranemachilus pinggu-
oensis Gan, 2013, are noted for their scaleless cheeks (Lan
et al. 2013). For a long time, no more species were added
to the genus Paranemachilus. With the help of molecular
biology, some species have been re-studied and classified
into the genus Paranemachilus. Following taxonomic re-
visions of Yunnanilini using both morphological charac-
teristics and molecular evidence, Du et al. (2021) placed
Yunnanilus jinxiensis Zhu, Du, Chen & Yang, 2009
into Paranemachilus. Luo et al. (2023) subsequently

suggested that Heminoemacheilus Zhu & Cao, 1987 is
a synonym of Paranemachilus, placing the type species
of Heminoemacheilus, i.e., Heminoemacheilus zheng-
baoshani Zhu & Cao, 1987, into Paranemachilus, while
Heminoemacheilus hyalinus Lan, Yang & Chen, 1996
and Heminoemacheilus parvus Zhu & Zhu, 2014 were
transferred to the newly established genus Karstsinnectes
Zhou, Luo, Wang, Zhou & Xiao, 2023. More recently,
Du et al. (2023) revised the phylogenetic relationships
among Chinese nemacheilids with tube-shaped anterior
nostrils and undertook the description of a new species
of Paranemachilus, Paranemachilus chongzuo Du et
al., 2023, from Guangxi. Currently, five valid species
of Paranemachilus are recognized, all of which inhab-
it underground rivers in Guangxi Province, China. The
diagnostic characteristics of the genus include anterior
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nostrils tube-like, tip of anterior nostrils with weak bar-
bel-like elongation, barbel length shorter than half of tube
depth, anterior and posterior nostrils adjacent, lips with-
out papillae, lateral line incomplete, disappearing behind
vertical at end of pectoral fin, and air-bladder lying free
in abdominal cavity (Zhu 1983; Zhu and Cao 1987; Lan
etal. 2013; Du et al. 2023).

Fieldwork conducted in 2017 and 2023 resulted in the
collection of two and nine loach specimens, respectively,
in Liuzhou City, Guangxi Province, China. Additionally,
in June 2023, eight loach specimens were collected from
Wuming County, Nanning City, Guangxi, China. Based
on morphological analysis and molecular evidence,
these specimens represent two previously undescribed
species of Paranemachilus, formally described here-
in as Paranemachilus liui sp. nov. and Paranemachilus
luegvetensis sp. nov.

Materials and methods

All care and use of experimental animals complied with
the relevant laws of the Chinese Laboratory of Animal
Welfare and Ethics (GB/T 35892-2018). Collection
and preservation of specimens followed Li and Gao
(2016). Specimens of Paranemachilus liui sp. nov. and
Paranemachilus luegvetensis sp. nov. were euthanized
rapidly by an overdose of clove oil anesthetic. Tissue sam-
ples were taken from the fins and preserved in anhydrous
ethanol. Complete mitochondrial genes of Paranemach-
ilus luegvetensis sp. nov. were sequenced by the Nanjing
Jisi Huiyuan Biotechnology Company (China) following
standard Illumina procedures. The mitochondrial cyto-
chrome b (cytb) gene of Paranemachilus liui sp. nov.
was sequenced by the Kunming Branch of Beijing Genco
Biotechnology Co., Ltd. (China). The polymerase chain
reaction (PCR) primer sequence was (5'-GAC TTG AAA
AAC CAC CGT TG-3' and 5'-CTC CGA TCT CCG GAT
TAC AAG AC-3") (Xiao et al. 2001). The MUSCLE was
used to align the gene sequence in MEGA v11 with de-
fault parameters (Edgar, 2004; Tamura et al. 2021) and
subsequently concatenated. Reference sequences of 27
nemacheilid species were retrieved from GenBank to
reconstruct phylogenetic trees. The trees were construct-
ed based on Bayesian inference (BI) using MrBayes on
XSEDE (v3.2.7a) and the CIPRES Science Gateway
(Miller et al. 2010). The analysis involved the Markov
Chain Monte Carlo (MCMC) method with three heated
chains and one cold chain, running for 2000000 genera-
tions with sampling every 100 generations under a com-
plex model (GTR+I+G). The first 5000 samples were dis-
carded as burn-in, with the remaining samples then used
to generate a majority rule consensus tree.

Mitochondrial cytochrome b gene (cytb) sequencing
data for the two new species were submitted to GenBank
(Accession No. PP566646, PP566647 for Paranemach-
ilus luegvetensis sp. nov.; PP566648, PP566649,
PP566650 for Paranemachilus liui sp. nov.).
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Most counts and morphometric measurements followed
Tang et al. (2012), except for dorsal fin length (measured at
the last simple dorsal ray) and caudal-peduncle depth (mea-
sured at the posterior anal-fin base), taken from the left side
of the specimen. Additionally, characteristics of the cephalic
lateral line system followed Kottelat (1990). Measurements
were made with digital calipers, and data were recorded to
the nearest 0.1 mm. The morphometric and meristic data of
the two new species in this study have been deposited in
the ScienceDB repository (https://www.scidb.cn/s/6ZFzQ3,
accessed on 19 May 2024). The type specimens were depos-
ited at the Nanning Normal University (NNNU).

Results

Paranemachilus luegvetensis Mo, Yang, Li & Du,

Sp. nov.
https://zoobank.org/F28EAC7B-6706-4AFB-9071-EF94CEES578AF
Figs 1, 2A, C, Tables 1, 3

Materials. Holotype. + NNNU230611 (NNNU: Nan-
ning Normal University), 41.2 mm standard length.
China: Guangxi, Wuming County, Chuanqgian Village,
23°13'25.08"N, 108°26'18.50"E, collected by H.L. Mo
and J.H. Zhong in June 2023.

Paratypes. - NNNU230603-230610, 8 ex., 26.1-33.4
mm standard length; same data as for holotype.

Etymology. The name luegvetensis originates from the
Zhuang language of the Luoyue Ancient Kingdom, pro-
nounced LOKWET. This kingdom, believed to be locat-
ed in what is now the Wuming District of Nanning City,
Guangxi, China, where the type specimens were collected,
is considered the cradle of this ancient civilization. The
Luoyue Ancient Kingdom was known for its rich cultur-
al contributions, including rice cultivation, cotton textiles,
cliff paintings, witchcraft, Longmu rituals, and jade carv-
ing. These cultural elements profoundly influenced not
only Chinese and Southeast Asian civilizations but also
had significant global impacts. We propose the common
Chinese name “%&jf 7 56 (Luo Yue Yi Tiao Qiu).

Diagnosis. Comparative data between Paranemachi-
lus luegvetensis sp. nov. and all five known species with-
in the genus Paranemachilus are provided in Table 3.
Paranemachilus luegvetensis sp. nov. differs from all
other congeneric species of Paranemachilus by cheeks
scaled (vs. scaleless in P. chongzuo, P. pingguoensis, and
P. zhengbaoshani), 11-12 branched pectoral fin rays (vs.
10 in P. chongzuo), 4-5 preoperculomandibular canal
pores (vs. zero in P. chongzuo, 11-12 in P. pingguoen-
sis and P. zhengbaoshani, 10 in P. genilepis, and 10-11
in P. jinxiensis), body depth 13.5%-16.8% of standard
length (vs. greater than 18% in P. jinxiensis and P. ping-
guoensis), and preanus length 68.3%—73.9% of standard
length (vs. greater than 75.3% in P. chongzuo, P. genile-
pis, P, jinxiensis, P. pingguoensis, and P. zhengbaoshani).
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Figure 1. The dorsal (A), lateral (B), and ventral (C) views of Paranemachilus luegvetensis sp. nov. NNNU230611, holotype,

41.2 mm standard length. D. Living photo of Paranemachilus luegvetensis sp. nov., NNNU230611, holotype. Scale bar: 1 cm

Description. The morphometric data of the type speci-
men of Paranemachilus luegvetensis sp. nov. are given in
Table 1. Body short, slightly bulging at back. From snout
to dorsal-fin origin, body depth increases to maximum,
13.5%—-16.8% of standard length, head slightly depressed,
flattened, maximum head width greater than deepest
head depth, 44.7%-56.5% of head length, snout length
24.5-32.1% of lateral head length, shorter than postorbital
length. Mouth inferior, snout obtuse, lips developed and
smooth, median of lower lip with V-shaped notch. Anterior
and posterior nostrils adjacent; anterior nostrils tube-like,
barbel-like elongation of anterior nostrils shorter than half

the depth of nostril tube. Cheeks scaled, no reduction in
eye size, eye diameter 19.3%-25.3% of head length. Three
pairs of barbels: inner rostral barbel extending to posterior
margin of eye, outer rostral barbel reaching or exceeding
posterior margin of anterior opercular, above posterior
operculum, and maxillary barbel above posterior margin
of posterior operculum. Dorsal fin with three unbranched
and 8-9 branched rays; distal margin cut; origin closer to
caudal-fin base than to tip of snout. Pectoral fin with one
unbranched and 11-12 branched rays; pectoral fin length
45.7%—61.4% of pelvic-fin insertion; pelvic fin with one
unbranched and 6—7 branched rays, inserted below first or
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Figure 2. Swim bladder, stomach, and intestine of Paranemachilus luegvetensis sp. nov. (A, C) and Paranemachilus liui sp. nov. (B, D).

Table 1. Morphometric characters of Paranemachilus luegvetensis sp. nov. and Paranemachilus liui sp. nov.

Paranemachilus luegvetensis sp. nov. Paranemachilus liui sp. nov.
Holotype Paratypes (n = 8) Holotype Paratypes (n = 8)

NNNU230611 NNNU230603-10 NNNU230710006 NNNU230710001-008
Dorsal fin ray 3,8 3,8-9 3,8 3,8
Anal fin ray 3,5 3,6 3,5 3,5
Pectoral fin ray 1,12 1,11-12 1,11 1,11-13
Pelvic fin ray 1,6 1, 6-7 1,7 1, 6-7
Caudal fin ray 2,17 2,17-18 2,17 2,17
Standard length/mm 41.7 26.1-34.8 (31.6 £ 2.7) 51.4 47.6-61.6 (53.0 £ 4.3)
Body height 8.3 3.7-5.4 (4.7 £ 0.6) 10.0 9.8-12.2(10.8 + 1.1)
Maximum body height 9.4 3.8-5.7(4.9 £ 0.7) 10.4 10.4-14.0(11.6 = 0.8)
Body width 6.6 2.2-3.8(3.2 £0.5) 7.0 6.5-8.7 (7.2 £ 0.8)
Maximum body width 7.7 2.6-4.8(3.8 £0.7) 8.7 6.7-9.8 (8.4 = 1.0)
Body width at anus 4.7 1.3-2.8(2.0 £ 0.4) 5.2 4.8-6.9 (5.5 +£0.6)
Predorsal length 22.7 14.0-18.7 (169 = 1.4) 28.9 27.2-33.0(29.8 + 1.9)
Dorsal fin length 5.0 3.3-56.9(4.7 £ 1.0) 5.7 5.5-7.3(6.2 + 0.6)
Dorsal fin-base length 5.1 3.1-4.6 (4.0 £ 0.5) 5.9 5.4-7.6 (6.4 +0.7)
Prepelvic length 22.7 14.2-19.0(17.4 £ 1.5) 29.0 26.4-34.8(29.6 + 2.4)
Pelvic fin length 5.0 3.6-4.9(4.2 + 0.4) 6.1 5.9-8.7 (6.8 £ 0.8)
Pelvic fin base length 1.1 0.6-1.1 (0.9 £ 0.1) 2.0 1.8-2.3(2.0+£0.2)
Preanus length 29.2 17.8-24.6 (225 + 2.1) 36.7 33.9-45.8(37.4 = 3.6)
Preanal length 32.2 18.6-26.0(24.0 = 2.3) 39.2 36.7-48.6 (40.3 = 3.6)
Anal fin length 5.2 4.3-6.3 (5.5 + 0.6) 6.5 6.5-9.8 (7.8 £ 1.0)
Anal fin base length 3.1 2.3-2.9(2.6 £0.2) 3.7 3.1-4.6 (3.8 £0.4)
Prepectoral length 9.7 7.0-8.6 (7.8 £ 0.6) 12.0 11.3-15.3(12.4 £ 1.2)
Pectoral fin length 6.4 4.3-5.5(5.2 + 0.4) 8.1 7.0-9.8 (8.2 + 0.9)
Pectoral fin base length 1.5 0.7-1.2(1.0 £ 0.2) 1.9 1.4-3.0(1.8 £ 0.5)
Caudal fin length 6.3 5.6-7.8 (6.8 = 0.6) 9.2 9.1-11.1(9.9+0.7)
Caudal-peduncle length 5.2 4.5-5.5(5.0 £ 0.3) 8.2 7.0-9.5(8.6 £ 0.7)
Caudal-peduncle depth 5.3 2.3-4.0(3.0 £ 0.6) 6.9 6.9-8.8 (7.8 £ 0.6)
Head length 9.7 7.2-8.7 (8.1 £ 0.6) 12.6 11.7-15.6 (12.9 + 1.2)
Head height at eye 5.1 2.0-4.1 (3.0 £ 0.6) 5.2 4.5-6.7 (5.7 = 0.7)
Head height at nape 5.8 3.4-4.4(4.1 £0.3) 6.9 6.9-8.8(7.5 £ 0.7)
Head width at eye 6.4 3.2-4.8 (4.1 £ 0.5) 8.0 6.1-9.6 (7.4 £ 1.0)
Maximum head width 7.1 3.9-5.7 (5.0 £ 0.5) 9.4 7.3-11.6(8.9+1.2)
Snout length 2.4 1.8-2.8(2.3+0.3) 2.7 2.7-4.5 (3.4 £ 0.5)
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second unbranched dorsal-fin ray; tip of pelvic fin far from
anus. Anal fin with three unbranched and 5—6 branched
rays with truncate distal margins; origin halfway between
pelvic-fin insertion and caudal-fin base. Caudal fin with
17-18 branched rays; caudal fin forked, upper and lower
lobes equivalent.

Cephalic lateral-line canals developed, with 7+18-19
infraorbital canal pores, 1517 supraorbital canal pores at
base of anterior nostrils, 2—4 supratemporal canal pores,
and 4-5 preoperculomandibular canal pores. Lateral line
incomplete, with 2—6 lateral line pores present before
midpoint of pectoral fin, 15-16 inner gill rakers on first
gill arch (two specimens).

Stomach “U”-shaped, intestines slightly to back of
stomach, curved. Two air-bladder chambers: anterior
chamber encased in bony capsule, posterior chamber fill-
ing body cavity, and anterior and posterior chambers con-
nected by short, thin, and curved tubes (Fig. 2).

Coloration. Photograph of Paranemachilus luegveten-
sis sp. nov. alive is provided in Fig. 1D. Sides of head
and trunk brownish yellow; abaxial surface dark brown;
ventral and lateral surfaces of head untextured. Obscure
brown longitudinal stripe extending along lateral line to
base of caudal fin. Body sides light yellow, except along
lateral line; no spots on entire body at capture. Post-feed-
ing, some individuals developed small black spots on side
and back above lateral line, with darkened longitudinal
stripes on side of body, though basic body color remained
unchanged. No spots on fin, fin membrane hyaline. Spec-
imens preserved in 10% formalin appear grayish-white.

Distribution and habitat. The species is known only
from a karst cave (108°26'18.4973"N, 23°13"25.0813"E)
near Nonghu Tun, Chuangian Village, Wuming District,
Nanning City (Fig. 3). The cave entrance has been artifi-
cially enlarged, with the underground river serving as an
important source of drinking water and irrigation for local
residents. Paranemachilus luegvetensis sp. nov. inhab-
its this silt-based underground river, co-occurring with

Caridina sp. and Silurus sp. The underground river was
not swollen at the time of collection, so the specimens
were obtained deep within the cave.

Remarks. All collected individuals were initially ex-
tremely thin and weak. The holotype, raised in the same
tank as other cavefish species for 91 days in an artificial
environment. It was fed once every two days and sacri-
ficed on day 91, with prepared specimens showing obvi-
ous fat accumulation on its back and sides. The species
often migrates from the cave to feed in flooded mountain
swales and farmlands during the rainy season, a behavior
frequently observed by working locals. In the dry sea-
son, the water temperature of the pool is 18-20 °C, and
in the rainy season, the temperature of the pool formed
outside the outflow of the river can reach 26 °C. Despite
its water habitats being contaminated with fertilizers and
pesticides, Paranemachilus luegvetensis sp. nov. appears
to have adapted to these environmental conditions.

Paranemachilus liui Mo, Yang, Li & Du, sp. nov.
https://zoobank.org/62C3991C-CF91-4DF5-B446-02928 7TESE852
Figs 2B, D, 4, Tables 1, 3

Materials. Holotype. « NNNU230710006, 51.4 mm stan-
dard length, China: Guangxi, Liuzhou County, Youshan
Village, 24°15'03.9813"N, 109°25'42.8397"E, collected
by H.L. Mo and J.J. Zhou in July 2023.

Paratypes. - NNNU230710001-008, 47.59-61.63 mm
standard length; same data as for holotype.

Etymology. The new species is named in honor of
Zongyuan Liu, a distinguished official, literary author,
and thinker. During his tenure in Liuzhou, Liu signifi-
cantly promoted the economic and cultural landscape of
the region, thereby elevating the quality of life for its res-
idents and earning him deep admiration and respect from
the local community. We propose the common Chinese
name “Mjl (& 57 2468 (Liu Shi Yi Tiao Qiu).

Figure 3. Pool or a cave from which Paranemachilus luegvetensis sp. nov. type species was collected in Nonghu Tun, Chuanqgian
Village, Wuming District, Nanning City. Left (15 October 2023), right (10 June 2023).
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Diagnosis. Comparative data among Paranemachilus
liui sp. nov. and all five known species within the genus
Paranemachilus are provided in Table 3. Paranemachi-
lus liui sp. nov. can be distinguished from all other con-
generic species of the genus Paranemachilus by cheeks
scaled (vs. scaleless in P. chongzuo, P. pingguoensis, and
P. zhengbaoshani), 11-13 branched pectoral fin rays (vs.
10 in P. chongzuo), 7-9 preoperculomandibular canal
pores (vs. zero in P. chongzuo, 11-12 in P. pingguoensis
and P. zhengbaoshani), preanus length 67.4%—74.3% of
standard length (vs. greater than 75.3% in P. chongzuo,
P genilepis, P. jinxiensis, P. pingguoensis, and P. zheng-
baoshani), snout length 21.4%-28.7% of lateral head
length (vs. greater than 30.0% in P. chongzuo, P. genile-
pis, P, jinxiensis, P. pingguoensis, and P. zhengbaoshani),
and 11-15 supraorbital canal pores at base of anterior
nostrils (vs. 3 in P. chongzuo, 9 in P. jinxiensis, and 9-10
in P. zhengbaoshani and P. pingguoensis).

Description. The morphometric data of the type
specimen of Paranemachilus liui sp. nov. are given in
Table 1. Body elongated, large in size. Maximum body
depth occurs before insertion of dorsal fin, body depth
18.7%-23.2% of standard length, head slightly depressed,
flattened, maximum head width greater than deepest head
depth, head width 49.9%—63.7% head length, snout length
21.4%—28.7% of lateral head length, shorter than postor-
bital length. Anterior and posterior nostrils adjacent;
anterior nostrils tube-like; tip of anterior nostrils with
distinct triangular elongation, shorter than half of tube
depth. Cheeks scaled, no reduction in eye size, eye diam-
eter 17.3%-21.9% of head length. Mouth inferior, snout
obtuse, lips developed and smooth; in most specimens,
median of lower lip with V-shaped notch; missing in spec-
imens such as NNNU230710006 (holotype). Three pairs
of barbels: inner rostral extending to posterior margin of
posterior opercular, outer rostral, and maxillary barbel
reaching or exceeding posterior margin of head. Dorsal
fin with three unbranched and eight branched rays; distal
margin straight; origin closer to caudal-fin base than to
tip of snout. Pectoral fin with one unbranched and 11-13
branched rays; pectoral fin length 49.5%—-51.8% of pel-
vic-fin insertion; pelvic fin with one unbranched and 67
branched rays, inserted below first or second unbranched
dorsal-fin ray; tip of pelvic fin far from anus. Anal fin with
three unbranched and five branched rays with truncate
distal margins; origin closer to pelvic-fin insertion than to
caudal-fin base. Caudal fin with 17 branched rays; caudal
fin forked, upper and lower lobes equivalent.

Body completely covered by tiny scales. Cephalic
lateral-line canals developed, with 4-6+13—-15 infraor-
bital canal pores, 11-15 supraorbital canal pores at base
of anterior nostrils, four supratemporal canal pores, and
7-9 preoperculomandibular canal pores. Lateral line in-
complete, with 8—14 lateral line pores present before tip
of pectoral fin, 14-16 inner gill rakers on first gill arch
(two specimens).

Stomach “U”-shaped, intestines slightly to back of
stomach, curved. Two air-bladder chambers: anterior
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chamber encased in bony capsule, posterior chamber
filling body cavity, and anterior and posterior chambers
connected by short, thin, and curved tubes (Fig. 2).

Coloration. Photograph of Paranemachilus liui sp.
nov. specimen in life is provided in Fig. 4D. Dorsal
surface dark brown, head and trunk of body yellowish
brown, head untextured. Obscure brown longitudinal
stripe extending along lateral line to base of caudal fin.
Whole body untextured at capture. Post-feeding, some
samples developed small black spots on dorsal surface.
Fin rays faint yellow, fin membrane hyaline.

Distribution and habitat. Specimens of Paranemach-
ilus liui sp. nov. were collected from several caves around
Youshan Village, Yifeng District, Liuzhou City, Guangxi
Province, China. The type specimen was collected from
an underground river in Keyuan Cave (Fig. 5), which
sustains a long, narrow, perennially water-filled pool.
Near the cave entrance, some water sections are exposed
to sunlight, with an average water temperature ranging
from 20 to 23 °C. In the same location, we also collect-
ed Yunnanilus bailianensis, Typhlocaridina semityphlata,
and an unidentified catfish species. Notably, the vicini-
ty of Keyuan Cave is heavily utilized for farmlands and
duck farms, resulting in a significant population from fer-
tilizers and feed in the water where the specimens were
found. Despite this, Paranemachilus liui sp. nov. appears
to have adapted to these environmental conditions.

Phylogenetic analysis. The BI phylogenetic tree
(Fig. 6) revealed that the Paranemachilus species formed
a monophyletic group, sister to the genus Troglonectes.
Paranemachilus luegvetensis sp. nov. and Paranemach-
ilus liui sp. nov. formed a well-supported monophyletic
group (bootstrap support = 98 and Bayesian posterior
probability = 1) with other Paranemachilus species, in-
cluding the type species P. genilepis. All samples from
Wumin District, Nanning City, Guangxi Zhuang Au-
tonomous Region clustered together in a sister clade to
(P. genilepis + Paranemachilus liui sp. nov.). All samples
from Yiifeng District, Liuzhou City, and Guangxi Zhuang
Autonomous Region clustered together in a sister clade
to P. genilepis. The tree topologies are similar to those
reported in previous studies [2, 13], with highly consis-
tent and strong support of the monophyly of the genus
Paranemachilus. Analysis also indicated that the genus
could be divided into two major clades, i.e., cheek-scaled
group and cheek-scaleless group. The cheek-scaled group
contained P. genilepis, P. jinxiensis, Paranemachilus liui
sp. nov. and Paranemachilus luegvetensis sp. nov., while
the cheek-scaleless group contained P. chongzuo, P. ping-
guoensis, and P. zhengbaoshani.

Mitochondrial differentiation. Comparative analy-
sis of the cytb gene revealed that the two new species
could be distinguished from all known Paranemachilus
species based on distinct molecular differences. The min-
imum p-distances were 7.92% between Paranemachilus
luegvetensis sp. nov. and Paranemachilus liui sp. nov.
and 6.16% between Paranemachilus liui sp. nov. and
P. genilepis (Table 2).
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Table 2. Uncorrected pairwise distances among Paranemachilus species based on cytb gene.

1 2 3 4 5 6 7 8 9
1 Paranemachilus genilepis
2 Paranemachilus jinxiensis 6.98%
3 Paranemachilus pingguoensis 7.26%  6.70%
4 NNNU20230710001Liuzhou 6.21% 7.69%  7.10%
5 NNNU20230710002Liuzhou 6.16%  7.92% 7.04%  0.29%
6 NNNU20230710003Liuzhou 6.73% 8.19% 7.31% 0.30% 0.88%
7 Paranemachilus zhengbaoshani 9.22% 838% 3.63% 7.69% 7.62%  7.89%
8  NNNU230601.Wuming 9.22% 10.06% 894% 858% 850% 877%  8.94%
9 NNNU230602.Wuming 8.66% 9.50% 838% 7.99% 7.92% 819% 8.94%  0.56%
10 Paranemachilus chongzuo 6.98%  6.42% 1.40% 6.21% 6.16% 6.43% 3.35% 8.66%  8.10%

Table 3. Comparison of identifying characteristics between the two new species and its congeners of the genus Paranemachilus.

Cheek scales Pectoral-fin rays body depth of Preoperculomandibular Supraorbital canal

standard length (%) canal pores pores

Paranemachilus Present i, 11-12 13.5-16.8 4-5 15-17
luegvetensis sp. nov.
Paranemachilus liui Present i, 11-13 18.7-23.2 7-9 11-15
Sp. nov.
P. jinxiensis Present i,13-14 21.7-25.6 10-11 9
P. genilepis Present i, 11-13 17.8-21.0 10 11-12
P. chongzuo Absent i, 10 16.6-17.6 Absent 3
P. zhengbaoshani Absent i, 11-12 17.0-20.1 11-12 9-10
P. pingguoensis Absent i, 12-13 18.2-21.2 11-12 9-10

Preanus length of standard length (%) Snout length of head length (%) Reference
Paranemachilus 68.3-73.9 24.5-32.1 This study
luegvetensis sp. nov.
Paranemachilus liui 67.4-74.3 21.4-28.7 This study
Sp. Nov.
P. jinxiensis / 37-41.7 This study
P. genilepis 76-78.5 30-33.5 This study
P. chongzuo 76.7-78 32.5-37 This study
P. zhengbaoshani 75.3-75.8 33-34.6 This study
P. pingguoensis 75.5-78.2 29.1-36.7 This study
Identification Key to Species of Paranemachilus
1 (073 oTCY Yot 1 1= P OUP PP TUPPPTRPN 2
- CNEEKS SCAIEIESS ..ttt et e et et e et e e e et 5
2 Body depth 13.5%-16.8% of standard length..........ccoiiiiiiii e, Paranemachilus luegvetensis sp. nov.
- Body depth exceeds 17.8% of standard [NGEN ... oo e 3
3 Snout length 21.49%-28.7% of lateral head length ........ccooooiiiiiiii Paranemachilus liui sp. nov.
- Snout length exceeds 30.0% of lateral head [eNGth......... i e 4
4 Caudal peduncle length 88.1%-97.7%, 18 inner gill rakers on first gill arch............ocoiiiiiiiii e P. genilepis
- Caudal peduncle length 100.0%-130.0%, 14 inner gill rakers on first gill arch.........cccccoooiiiiiiiie P. jinxiensis
5 Preoperculomandibular canal pores @bSENT ......iiu i P. chongzuo
- Preoperculomandibular canal POreS PreSENT ... i e e 6
6 Processus dentiformis 0N UPPEI 1D vuu i e e e e e e e e e et eaans P. zhengbaoshani
- NoO processus dentiformis ON UPPEE 1ID .uuiiunieii e e e e e e e e e e e e e e aaneees P. pingguoensis
Discussion papillae, lateral line incomplete, disappearing behind ver-

The genus Paranemachilus can be diagnosed by the fol-
lowing combination of characteristics: anterior nostrils
tube-like, tip of anterior nostrils with weak barbel-like
elongation, barbel length shorter than half of tube depth,
anterior and posterior nostrils adjacent, lips without

tical at the end of the pectoral fin, and anterior part of the
air-bladder lying free in the abdominal cavity (Zhu 1983;
Zhu and Cao 1987; Lan et al. 2013; Du et al. 2023). These
two new species were assigned to the genus Paranemach-
ilus based on the following additional characters: body
completely covered by tiny scales, lateral line incomplete,
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Figure 4. A—C. dorsal, lateral, and ventral views of Paranemachilus liui sp. nov. NNNU230710006, holotype, 51.39 mm standard
length. D Paranemachilus liui sp. nov. NNNU230710006, holotype, live, photo taken on 11 June 2023. Scale bar: 1 cm.

present before the mid-point of the pectoral fin, mouth in-
ferior, snout obtuse, lips developed and smooth, median
of lower lip with V-shaped notch, anterior and posterior
nostrils adjacent, anterior nostrils tube-like, tip of anterior
nostrils with triangular-like elongation, shorter than half
of the depth of the nostril tube, stomach “U”-shaped, in-
testines slightly to the back of the stomach, curved, two
air-bladder chambers: anterior chamber encased in a bony
capsule, posterior chamber filling the body cavity, and an-
terior and posterior chamber connected by a slender tube.

The genus Paranemachilus Zhu, 1983, was established
with P. genilepis as the type species (Zhu, 1983), while
Heminoemacheilus Zhu & Cao, 1987, was established with
H. zhengbaoshani Zhu & Cao, 1987, as the type species

zse.pensoft.net

(Zhu and Cao 1987). Heminoemacheilus zhengbaoshani
differs from P. genilepis by having scaleless cheeks (vs.
scaled) and an absent postcleithrum (vs. present). Yun-
nanilus jinxiensis Zhu, Du, Chen & Yang, 2009 and H.
zhengbaoshani were later reclassified as P, jinxiensis and
P. zhengbaoshani in Paranemachilus (Du et al. 2021; Luo
et al. 2023), with P, jinxiensis having scaled cheeks (Du et
al. 2023). Similarly, the two new species, Paranemachi-
lus luegvetensis sp. nov. and Paranemachilus liui sp. nov.,
also feature scales on their cheeks. Both P. pingguoensis
and P. chongzuo were placed in Paranemachilus based
on shared characteristics, notably anterior and posterior
nostrils adjacent, anterior nostrils tube-like, lateral line
incomplete, disappearing behind the vertical at the end of
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Figure 5. Pool and a cave from which type Paranemachilus
luegvetensis sp. nov. was collected in Youshan Village, Yufeng
District, Liuzhou County.

the pectoral fin, and anterior part of the air-bladder ly-
ing free in the abdominal cavity (Zhu 1983; Zhu and Cao
1987; Lanetal. 2013; Duetal. 2023). These classifications
are supported by morphological and molecular evidence
(Luo et al. 2023). The BI phylogenetic tree constructed

during this study (Fig. 6) revealed that Paranemachi-
lus luegvetensis sp. nov. and Paranemachilus liui sp.
nov. clustered together in a sister clade to (P. genilepis +
P jinxiensis), while P. pingguoensis, P. zhengbaoshani,
and P. chongzuo clustered together in another sister clade.
These findings suggest that Paranemachilus could be di-
vided into two species groups: the cheek-scaled group,
including P. genilepis, P. jinxiensis, Paranemachilus lu-
egvetensis sp. nov., and Paranemachilus liui sp. nov., and
the cheek-scaleless group, including P. chongzuo, P. ping-
guoensis, and P. zhengbaoshani. However, apart from
cheek scales, no additional distinguishing traits have been
identified between the two groups. In this study, the phy-
logenetic tree was constructed based solely on the cytb
gene, as only this gene was analyzed. The genus Hemi-
noemacheilus is characterized by the absence of a post-
cleithrum (Zhu and Cao 1987), a feature that has not yet
been examined in P. jinxiensis and the two new species.
Thus, further research is necessary to determine the va-
lidity of the Heminoemacheilus genus. In this work, we
do not consider Heminoemacheilus valid; the group with
scaleless cheeks was still regarded as Paranemachilus
when making the identification key.

Freshwater fish continues to be undervalued and over-
looked—and thousands of species are heading towards
extinction. Due to their exclusive confinement to cave
ecosystems, cavefish are highly vulnerable to threats such
as habitat degradation, hydrological changes, environ-
mental pollution, resource overexploitation, and non-na-
tive species introduction (Lan et al. 2013; Ma, Zhao &
Yang, 2019). As noted in Ma et al. (2019), cavefish typ-
ically possess morphological adaptations to the extreme
conditions of cave environments, such as eye degenera-
tion or loss, reduced pigmentation, and diminished scales.

v,
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Figure 6. Bayesian phylogeny of cytb lineages of species within the family Nemacheilidae. Botia genus was used as an outgroup.

Numbers on internode branches are Bayesian posterior probabilities.
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These unique features endow cavefish with a distinctive
exotic appearance, which often attracts the attention of
fish collectors. In contrast, Paranemachilus liui sp. nov.
and Paranemachilus luegvetensis sp. nov. do not exhibit
these distinctive phenotypes but demonstrate remarkable
adaptability. For instance, Paranemachilus liui sp. nov.
annually migrates to a cave pond that floods during the
rainy season for breeding purposes, despite the pond of-
ten being heavily polluted by effluent from nearby sugar
factories and duck farms. Furthermore, the cave inhabit-
ed by Paranemachilus luegvetensis sp. nov. serves as the
sole water source for irrigation in the area, subject to un-
regulated exploitation and intrusion by non-cave species
like Metzia sp. and Labeo rohita due to human activities.

Nevertheless, no decline in the populations of the two
newly described species has been observed. Notably,
the currently known species of Paranemachilus found
are distributed in scattered areas in western and central
Guangxi (Fig. 7), with recorded sites being relatively
distant from each other. In Guangxi, where karst land-
forms are well-developed and underground rivers suit-
able for Paranemachilus survival are widely distributed,
it is plausible that additional habitats for this genus exist.
This suggests the likely presence of more undescribed
Paranemachilus species in the region. In our view, the
diversity of Paranemachilus species in Guangxi may be
underestimated, warranting comprehensive and system-
atic exploration.

N

100 km

Figure 7. Map showing distribution of Paranemachilus species in Guangxi Zhuang Autonomous Region. P. zhengbaoshani (black

square), P, jinxiensis (white square), P. genilepis (black dott), Paranemachilus luegvetensis sp. nov. (white dott), Paranemachilus

liui sp. nov. (black triangle), and P. pingguoensis (white triangle).
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