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Abstract

The endemic freshwater mussel genus Pseudocuneopsis (Unionidae: Unioninae) in China currently includes six species, mainly
distributed in the Yangtze River and Pearl River basins. In this study, a new species of this genus was discovered in the karst rivers
of Guizhou Province, a transitional zone between the Yangtze River and Pearl River basins: Pseudocuneopsis heqing sp. nov. This
new species can be distinguished from its congeners by its regularly elliptical shell shape and unique hinge teeth. The mitogenomic
phylogenetic analyses strongly support the following species-level relationships: ((((P. sichuanensis + P. yemaoi) + (P. wuana +
P. yangshuoensis) + P. heqing sp. nov.) + P. perflora) + P. capitata). The discovery of this new taxon contributes to the existing
knowledge on freshwater mussels in China and implies that future comprehensive surveys of unexplored regions, particularly those

with unique and scarce habitats, will unveil novel diversity.
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Introduction

Against the backdrop of the rapid loss of global biodiver-
sity, freshwater ecosystems have become one of the most
threatened ecosystems, with species extinction rates far
exceeding those of marine and terrestrial ecosystems (Reid
et al. 2018; Tickner et al. 2020). As important members
of freshwater ecosystems, freshwater mussels (Bivalvia:
Unionidae) are particularly vulnerable, with many species
assessed as extinct or critically endangered (Lopes-Lima
et al. 2018; Vaughn 2018; Béhm et al. 2021). This group
plays a crucial role in ecosystems by contributing to wa-
ter purification, nutrient cycling, and community structure
formation (Vaughn et al. 2008; Haag 2012). Moreover,
due to their high sensitivity to environmental disturbances,
they are considered indicator organisms for assessing eco-
logical health (Howard and Cuffey 2006; Do et al. 2018).

China represents a critical hotspot for freshwater mus-
sel biodiversity, hosting a substantial number of endemic
species within its extensive network of rivers and lakes
(Zieritz et al. 2018; Liu et al. 2022). Traditionally, the
taxonomic framework for this group has relied on shell
morphology (Heude 1874; Simpson 1900, 1914; Haas
1969; Liu et al. 1979; He and Zhuang 2013). Owing to
pronounced phenotypic plasticity and convergent evo-
lution, traditional morphological approaches frequently
result in biased assessments of diversity (Zieritz and Al-
dridge 2009; Inoue et al. 2013, 2014; Wu et al. 2022a),
thereby significantly impeding accurate understanding
and effective conservation of biodiversity. In recent years,
with the expansion of survey sampling, the integration
of molecular systematics and shell morphology has led
to the continuous identification and description of many
cryptic and previously unrecognized species (Wu et al.
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2024a; Chen et al. 2025a). The genus Pseudocuneopsis
Huang, Dai, Chen & Wu, 2022, is a typical case.

The genus Pseudocuneopsis was proposed by Wu et
al. (2022b) based on mitogenomic phylogenetic analysis.
The comprehensive phylogeny has confirmed the taxo-
nomic placement of Pseudocuneopsis within the tribe
Unionini (Unionidae, Unioninae) (Wu et al. 2022b).
The genus originally included two species: Pseudocu-
neopsis capitata (Heude, 1874) and Pseudocuneopsis
sichuanensis Huang, Dai, Chen & Wu, 2022. Notably,
since the establishment of the genus, researchers have
identified four new species within a short period. These
include Pseudocuneopsis wuana Liu & Wu, 2023, and
Pseudocuneopsis yangshuoensis Wu & Liu, 2023, both
discovered in Guangxi (Liu et al. 2023; Wu et al. 2023a);
Pseudocuneopsis yemaoi Dai, Chen, Huang & Wu, 2024,
described from Hubei (Dai et al. 2024); and Pseudocu-
neopsis perflora Chen, Xiang, He, Huang & Wu, 2025,
which was discovered in Sichuan (Chen et al. 2025b)
(Fig. 1). The successive discovery of several new species
within a short period highlights the remarkably high level
of undiscovered diversity within this genus. This can be
attributed to the clear taxonomic framework established
after the genus was defined, as well as to the application
of molecular techniques (such as multilocus and mitog-
enomic phylogenetic analyses), which have facilitated
the accurate identification of species (Lopes-Lima et al.
2017; Wu et al. 2022b). These findings also imply that the

complex water systems and geographical isolation effects
in southern China, particularly in the Yangtze and Pearl
River basins, have provided a rich ecological backdrop
for species divergence (Zieritz et al. 2018).

Currently, all known species of Pseudocuneopsis
are found in China, exhibiting a remarkably high level
of regional endemism. From a hydrological perspec-
tive, the species distribution clearly falls into two ma-
jor river basins: P. capitata, P. sichuanensis, P. yemaoi,
and P. perflora are found in the Yangtze River Basin,
whereas P. wuana and P. yangshuoensis are distributed
in the Pearl River Basin.

In this study, a new species, Pseudocuneopsis heqing
sp. nov., was discovered in Guizhou Province, marking
the first record of this genus in the transitional zone be-
tween the Yangtze and Pearl River basins. This discovery
not only fills a gap in the geographical distribution of the
genus, but its unique location also provides new insights
into the potential connections and evolutionary relation-
ships between the fauna of these two major river systems.

To gain a comprehensive understanding of the species
diversity and phylogenetic relationships within the genus
Pseudocuneopsis, this study aims to (1) integrate shell mor-
phology and molecular systematic evidence to describe a
new species and reveal potentially unknown diversity and
(2) based on complete mitochondrial genomes, construct a
robust phylogenetic tree of the genus Pseudocuneopsis to
clarify its intra-genus phylogenetic relationships.

Figure 1. Shells of Pseudocuneopsis species. A. Pseudocuneopsis capitata; B. Pseudocuneopsis heqing sp. nov.; C. Pseudocune-

opsis sichuanensis; D. Pseudocuneopsis yangshuoensis; E. Pseudocuneopsis yemaoi; F. Pseudocuneopsis wuana; G. Pseudocune-
opsis perflora. Photos by Xianan Wang and Fang Nan. Scale bars: 1 cm.

zse.pensoft.net



Zoosyst. Evol. 101 (4) 2025, 2181-2190

2183

Materials and methods

Specimen sampling and species morphological
observations

In July 2025, we collected eight freshwater mussel spec-
imens from the Heiwan River (27.8839°N, 108.7329°E)
in Jiangkou County, Tongren City, Guizhou Province,
China (Fig. 2). The morphological characteristics of the
specimens were observed in detail, including shell shape,
umbo position, surface sculpture, hinge structure, and
muscle attachment. The length, width, and height of the
shells were measured using a Vernier caliper with an ac-
curacy of 0.02 mm. All specimens were deposited at the
Museum of Zoology, Shanxi Normal University (SXNU),
China (Suppl. material 1: table S1).

108°E
L

DNA extraction, PCR sequencing, and
mitogenome assembly

According to the manufacturer’s instructions, a small
piece of foot tissue was dissected for DNA extraction
using the TIANamp Marine Animals DNA Kit (Tian-
gen Biotech, Beijing, China). Polymerase chain reaction
(PCR) amplification of the mitochondrial COI gene was
performed using a primer pair consisting of LCO22me2
(5'-GGTCAACAAAYCATAARGATATTGG-3") and
HCO700dy2 (5'-TCAGGGTGACCAAAAAAYCA-3')
(~680 bp) (Walker et al. 2007). The PCR conditions fol-
lowed the TaKaRa Ex Taq polymerase manufacturer’s
protocol (TaKaRa Bio, Inc., Kusatsu, Shiga, Japan), with
an initial denaturation step at 98 °C for 10 s, followed by
35 cycles of amplification consisting of denaturation at
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Figure 2. Map of sampling location (A) for Pseudocuneopsis heging sp. nov. and its habitat (B).
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94 °C for 30 s, annealing at 50 °C for 30 s, and extension
at 72 °C for 1 minute. The final extension was performed
at 72 °C for 7 minutes. The amplified PCR products were
visually examined by agarose gel electrophoresis (TAE,
1.5% gel), purified, and sequenced by Sangon Biotech
(Shanghai, China). The sequences newly obtained in this
study have been uploaded to GenBank (accession num-
bers: PX317896-PX317903).

The sequencing and assembly of the mitochondrial ge-
nome followed methods described in Wu et al. (2023b,
2024b). The quality of total genomic DNA was checked
by agarose gel electrophoresis. High-quality DNA sam-
ples were sent to Novogene Co., Ltd. (China) for library
construction and sequencing. The sequencing procedure
was performed on an Illumina NovaSeq 6000 platform
following the manufacturer’s instructions. The libraries
had average insert sizes of approximately 300 bp and
were sequenced as 150 bp paired-end reads. Each library
generated approximately 4 Gb of raw data. CLC Genom-
ics Workbench 12.0 (Qiagen) was used to filter the raw
data and assemble clean reads. Mitochondrial genome se-
quences were identified from the resulting contigs using
BLAST (http://blast.ncbi.nlm.nih.gov/) and concatenated
into the complete mitogenome using Geneious v.11 (Bio-
matters) (Guan and Xu 2016). Mitogenomes were anno-
tated using the MITOS web server (Donath et al. 2019),
and protein-coding genes were confirmed using the NCBI
ORF Finder (https://www.ncbi.nlm.nih.gov/orffinder/)
and nucleotide BLAST (Blastn). The online program
Chloroplot (https://irscope.shinyapps.io/Chloroplot/;
Zheng et al. 2020) was used to generate mitogenome
maps. Finally, the mitogenome sequence was submitted to
GenBank using BankIt (accession number: PX389912).

Alignments, partitioning strategies, and model
selection

In this study, two datasets were constructed: (1) a COI bar-
code dataset (28 sequences; Suppl. material 1: table S1)
and (2) a mitochondrial genome dataset (65 species; Suppl.
material 1: table S2). Both datasets contain the sequences
of'the six currently recognized Pseudocuneopsis species, as
well as the new species of this genus identified in this study.

The molecular data analyses and phylogenetic recon-
struction followed the methodologies used in our previous
studies (Wu et al. 2024b, 2024c¢). Protein-coding genes
(PCGs) were aligned using the invertebrate mitochondri-
al codon models implemented by the built-in MACSE in
PhyloSuite v.1.2.3 (Zhang et al. 2020). Ribosomal genes
(12S rRNA and 16S rRNA) were aligned using MAFFT
v.7.2 (Katoh and Standley 2013) with the L-INS-i algo-
rithm. Ambiguous alignment areas were trimmed using
Gblocks (Castresana 2000); for ribosomal genes, the min-
imum block length was set to two base pairs (bp) with
no allowed gap positions, while for PCGs, the minimum
block length was set to three bp, also with no allowed gap
positions. The COI barcode dataset had a fragment length
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of 573 bp after alignment and trimming. The mitogenom-
ic dataset (12 PCGs + 2 rRNA) was concatenated using
PhyloSuite v.1.2.3, resulting in a total of 12,049 bp.

The mitogenomic dataset was analyzed using parti-
tion schemes based on genes and codons. The partition
scheme and the best model for Bayesian inference (BI)
and maximum likelihood (ML) analyses were selected
using PartitionFinder (ver. 2.1.1; http://www.robertlan-
fear.com/partitionfinder/; Lanfear et al. 2017) and Mod-
elFinder (ver. 1.4.2; http://www.iqtree.org/ModelFinder/;
Kalyaanamoorthy et al. 2017), respectively. The selec-
tion of best-fit substitution models based on the corrected
Akaike Information Criterion (AICc) assigned to each
partition is listed in Suppl. material 1: table S3.

Calculation of genetic distance and
phylogenetic analysis

Intraspecific and interspecific genetic distances were calcu-
lated using the uncorrected p-distance model in MEGA v.7.0
(Kumaretal.2016),based onthe COI (DNAbarcode) dataset.
BI analyses were carried out in MrBayes (ver. 2.01;
http://nbisweden.github.io/MrBayes/; Ronquist et al.
2012) with models generated in PartitionFinder. Four in-
dependent Markov chain Monte Carlo (MCMC) chains
were run simultaneously for 10 million generations, with
sampling conducted every 1000 generations. The pro-
cess was terminated when the average standard deviation
of split frequencies fell below 0.01. ML analyses were
implemented on the IQ-TREE web server (http://igtree.
cibiv.univie.ac.at/; Minh et al. 2020) based on models
generated in ModelFinder, using 1000 ultrafast bootstraps
(Minh et al. 2013). The resulting phylogenetic trees were
viewed and edited using the iTOL online software (http://
itol.embl.de/itol.cgi; Letunic and Bork 2007).

Results
Systematics
Family Unionidae Rafinesque, 1820

Subfamily Unioninae Rafinesque, 1820
Tribe Unionini Rafinesque, 1820

Genus Pseudocuneopsis Huang, Dai, Chen & Wu, 2022

Type species. Pseudocuneopsis capitata (Heude, 1874).

Pseudocuneopsis heqing Wang & Wu, sp. nov.
https://zoobank.org/4AFA31FB-EOFD-4CFA-92FF-517E54B74668

Type material. Holotype: < SXNU 25081601, shell
length 59.33 mm, width 22.42 mm, height 34.85 mm (Fig.
1B, Suppl. material 2: fig. S1A); Heiwan River, Jiangkou
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County, Tongren City, Guizhou Province, CHINA. Para-
types: *7specimens, SXNU 25081004; SXNU 25081602;
SXNU 25081603; SXNU 25081001; SXNU 25081604,
SXNU 25081003; SXNU 25081605 (Suppl. material 2:
fig. SIB-H). Shell length 59.70-70.02 mm, width 23.94—
30.40 mm, height 35.43-37.56 mm (Table 1). Locality and
habitat same as holotype.

Diagnosis. Shell reddish-brown to dark brown, reg-
ularly elliptical; anterior and posterior margins bluntly
rounded; dorsal margin extending obliquely rightward
from umbo and gradually arching (Table 1). The left
valve with two pseudocardinal teeth, the anterior tooth
low, lamellar; the posterior tooth columnar, elevated, ro-
bust; the right valve with single erect triangular-pyrami-
dal pseudocardinal tooth bearing distinct V-shaped cen-
tral depression (Table 1). Nacre light orange. This new
species has the closest genetic relationship with Pseudo-
cuneopsis sichuanensis. The minimum genetic distance
to the congeneric species is 7.6% (Table 2).

GenBank numbers. PX317896-PX317903,PX389912.

Description.  Shell medium-sized, symmetri-
cal, regularly elliptical in outline, smooth, and solid.
Periostracum reddish-brown to dark brown, with fine
concentric growth lines; anterior and posterior margins
bluntly rounded; dorsal margin extending obliquely
rightward from umbo and gradually arching; ventral
margin arched to nearly straight, slightly concave in
some individuals; umbo positioned at one-third of shell
length, with V-shaped erosion depression on the surface.
Anterior adductor muscle scar oval, deeply impressed,
and rough; posterior adductor muscle scar elliptical,
shallow, and smooth; mantle muscle attachment obvi-
ous. Hinge well-developed, left valve with two pseudo-
cardinal teeth, anterior tooth low, lamellar; posterior
tooth columnar, slightly higher, robust, erect, with ser-
rated summit and a deep rectangular socket between
them; right valve with a single pseudocardinal tooth,
erect, triangular-pyramidal, with a V-shaped depression

Table 1. Conchological characters of seven Pseudocuneopsis species.

P. heqing sp. nov. P. capitata P. sichuanensis P. yangshuoensis P. yemaoi P. wuana P. perflora
Length (mm) 59.33-70.02 101.68-121.32 49.16-62.97 41.39-50.51 44.64-54.42 24.97-35.91 44.17-63.19
Width (mm) 22.42-30.40 37.07-42.72 15.01-22.42 15.34-21.83 13.69-19.12 10.72-15.74 14.86-19.91
Height (mm) 34.85-37.56 49.23-61.02 27.16-36.02 27.25-30.77 25.50-32.65 15.49-21.95 25.00-35.09
Shell shape Elliptical Long triangular Oval wedge Approximately Irregularly long Oval Approximately
wedge rectangular elliptical trapezoidal

Umbo position  1/3 of shell length;

umbo slightly lower

1/6 of shell length;
umbo obviously

1/4-1/5 of shell
length; umbo slightly

than the dorsal higher than the higher than the dorsal
margin dorsal margin margin
Shell thickness Medium Thick Medium

Surface
sculpture

Epidermis reddish-
brown to dark
brown, with fine
concentric growth

Epidermis blackish-
brown to grayish-
brown, glossy, with
low and flat ridges

Epidermis dark brown,

lusterless, with 1 or 2

sulci near the posterior
dorsal margin

lines that follow the
growth lines
Nacre colour Light orange Milk-white White

Dorsal margin Anterior margin
oval, and inflated,

with the dorsal

Anterior margin
oval, highly inflated,
dorsal margin

Anterior margin oval,
and inflated, with the
dorsal margin nearly

margin slightly sloped downwards straight
curved
Posterior slope Blunt Sharp Slightly pointed
Ventral margin ~ Nearly straight or  Rounded anteriorly, Slightly concave inward

slightly concave slightly concave  at the middle-posterior

inward near the part
middle
Pseudocardinal Anterior tooth Anterior tooth flat Anterior tooth flat,
tooth of the left  low and lamellar, and significantly posterior tooth
valve posterior tooth smaller than the heavy and irregularly
columnar, slightly posterior one, trapezoidal
higher, robust, posterior tooth
erect, with serrated prominent, high and
summit thick, and taper

Pseudocardinal ~ Only one, erect, Only one; well- Anterior tooth
tooth of the triangular-pyramidal, developed, generally prominent and

right valve with a V-shaped

depression centrally

prominent, high and
thick, and taper

subrectangular with fine

fissures, posterior tooth

reduced and connected
to the lateral tooth

One well-developed and
serrate on the right
valve; two teeth on the

One tooth on the

right valve; two

teeth on the left
valve nearly straight

One tooth serrate
on the right valve;
two teeth on the left
valve nearly straight

Lateral tooth

1/3 of shell length;
umbo slightly lower
than the dorsal
margin
Medium
Epidermis brownish-
black, covered with

1/5 of shell length;
umbo slightly lower
than the dorsal

1/3-1/4 of shell  1/4 of shell length;
length; umbo higher umbo slightly lower
than the dorsal than the dorsal
margin margin margin
Medium Medium Medium
Epidermis brownish, Epidermis yellowish- Epidermis dark
with 1 sulcus near brown to dark brown, relatively

concentric ridges  the posterior dorsal  green, covered rough
margin with concentric
ridges, with nodes
or nodulose folds on
the umbo
Orange White Silvery-white White

Anterior margin
oval, and inflated,
with the dorsal
margin nearly

Anterior margin
oval, and inflated,
with the dorsal
margin nearly

Anterior margin
round, and inflated,
with the dorsal
margin slightly

Anterior margin
oval, and inflated,
with the dorsal
margin slightly

straight straight or slightly  curved downwards curved
curved downwards
Truncated Slightly pointed Blunt Truncated, with an
obtuse angle in the
middle
Nearly straight, with  Concave in nearly Somewhat Nearly straight, with

the posterior end
slightly prominent

2/3rds prominent at middle the middle-posterior
part slightly concave

inward
Two cardinal teeth  Anterior tooth wide,
differ in prominent posterior tooth
height; anterior slightly thicker and

Anterior tooth flat,
posterior tooth
slightly prominent

Anterior tooth small,
posterior tooth
stout, prominent

and rectangular; the and taper tooth rectangular,  slightly higher than
two cardinal teeth posterior tooth the anterior one
are consistent in subconical
outward prominent
height
Only one, Only one, well- Only one, well- Only one, thick and
trapezoidal developed developed raised, nearly taper
One tooth on the One tooth on the One tooth on the One tooth on the

right valve; two
teeth on the left

right valve; two
teeth on the left

right valve; two
teeth on the left

right valve; two
teeth on the left

left valve nearly straight valve nearly straight valve nearly straight valve nearly straight valve nearly straight
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Table 2. Intraspecific and interspecific genetic distances based on the uncorrected p-distance from the COI dataset.

Taxon Intraspecific distances Interspecific distances
1 2 3 4 5 6

1. Pseudocuneopsis heqing Sp. nov. 0.002
2. Pseudocuneopsis sichuanensis 0.004 0.076
3. Pseudocuneopsis capitata 0.002 0.091 0.086
4. Pseudocuneopsis yangshuoensis 0.000 0.091 0.083 0.094
5. Pseudocuneopsis wuana 0.002 0.094 0.080 0.093 0.041
6. Pseudocuneopsis yemaoi 0.000 0.088 0.023 0.094 0.095 0.093
7. Pseudocuneopsis perflora 0.000 0.091 0.085 0.100 0.095 0.082 0.090

centrally. Left valve with two parallel lamellar lateral
teeth; right valve with one lamellar lateral tooth. Nacre
light orange (Fig. 1B, Suppl. material 2, Table 1).

Etymology. The specific epithet “heqing” is derived
from the Chinese Pinyin for ‘il (hé qing), meaning
‘the river runs clear.” It alludes to the classical idiom ‘¥
Z33%° (hii yan hé qing), which symbolizes both social
stability with people living in peace and ecological har-
mony with the environment in balance. The name reflects
the pristine, unpolluted aquatic habitat of the type local-
ity in Guizhou, where clear waters support this sensitive
species. For the common name, we recommend “Heqing
Pseudo-wedge Mussel” (English) and “He Qing Wei Xie
Bang” (/{5 P #24F) (Chinese).

Distribution. Heiwan River, Jiangkou County, Ton-
gren City, Guizhou Province, China.

Phylogenetic analyses

The complete mitogenome of Pseudocuneopsis heqing
sp. nov. is 15,905 bp in length and contains the typi-
cal 37 genes (13 protein-coding genes, 2 rRNA genes,
and 22 tRNA genes). The A + T content of the complete
mitogenome is higher than its G + C content. Its mi-
tochondrial gene arrangement is consistent with that of
the subfamily Unioninae (Froufe et al. 2020) (Fig. 3A).
The heavy chain (H chain) encodes eleven genes (cox/,
cox2, cox3, nad3, nad4, nad4L, nad5, atp6, atp8, trnD,
and #rnH), while the remaining twenty-six genes are lo-
cated on the light chain (L chain).

ML and BI trees based on the mitogenome dataset
yielded identical topologies and were statistically well
supported by 100% maximum likelihood bootstrap (BS)
values and Bayesian posterior probabilities (PP) at most
nodes. All genera within the tribe Unionini formed a
strongly supported monophyletic clade. Focusing on
Pseudocuneopsis, both phylogenetic trees consistently
supported the following species-level relationships with
strong statistical support: ((((P. sichuanensis + P. yemaor)
+ (P. wuana + P. yangshuoensis) + P. heqing sp. nov.) +
P. perflora) + P. capitata) (BS = 100%, PP = 1.0; Fig. 3B).

Discussion

Based on shell morphological and molecular systematic
evidence, this study described a new species of the genus
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Pseudocuneopsis, i.e., Pseudocuneopsis heqing sp. nov.,
collected from the Heiwan River, a karst river located in
northeastern Guizhou Province, China. This finding not
only further reveals the high cryptic diversity within the
genus but also provides new insights into the evolution-
ary and biogeographical patterns of this group, under-
scoring the significance of karst habitats in the origin and
conservation of freshwater mussel diversity.

Morphologically, Pseudocuneopsis heqing sp. nov. ex-
hibits stable and distinctive diagnostic features in many
aspects (Fig. 1, Table 1). Its shell shape is elliptical, dis-
tinguishing it from Pseudocuneopsis capitata, which has
a significantly larger, triangular wedge-shaped shell, and
from Pseudocuneopsis wuana, which is considerably
smaller. Overall, it is of medium size. The nacre color of
this new species is light orange, differing from the milky
white or white nacre of most species (such as P. capitata
and Pseudocuneopsis sichuanensis). The hinge teeth of
the new species are particularly specialized: the posterior
pseudocardinal tooth of the left valve is columnar and up-
right, bearing serrations at its apex. This feature is mark-
edly different from the thick and high tooth of P. capitata
and the irregular trapezoidal tooth of P. sichuanensis. The
right valve possesses a single triangular conical pseudo-
cardinal tooth featuring a centrally located V-shaped
groove, which serves as a key diagnostic characteristic
of this species. It should be noted that the new species
shares some morphological features, such as shell length
and shell color, with Pseudocuneopsis yangshuoensis and
Pseudocuneopsis perflora, but it maintains stable differ-
ences in shell surface sculpture, nacre color, and hinge
structure, which are sufficient to reliably distinguish it
from other species within the genus.

Molecularly, the validity of P. heging sp. nov. is also
confirmed. The intraspecific genetic distance within this
new species is only 0.2%, whereas interspecific genetic
distances to other congeners range from 7.6% to 9.4%
(Table 2), which are substantially higher than the com-
monly accepted threshold of 3% for interspecific diver-
gence (Hebert et al. 2003; Barrett and Hebert 2005), pro-
viding strong support for its taxonomic validity.

Mitochondrial genomes, due to their richer informa-
tive sites, have been proven advantageous for resolv-
ing phylogenetic relationships at different levels among
freshwater mussels (Lopes-Lima et al. 2017; Wu et al.
2022b; Zieritz et al. 2021). Therefore, we conducted phy-
logenetic analysis using complete mitochondrial genome
data. The mitochondrial phylogenomic analyses confirm
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Figure 3. Analysis based on mitochondrial data. A. Gene map of the F-type mitochondrial genome of Pseudocuneopsis heqing sp.

nov.; B. Phylogenetic trees inferred from Bayesian inference (BI) and maximum likelihood (ML) analyses. Support values above

the branches are maximum likelihood bootstrap values and Bayesian posterior probabilities, respectively. The colored shaded clades

represent the target genus that is the focus of this study. Pentagrams indicate the sequences generated in this study.

that the new species is sister to the ((P. sichuanensis +
P. yemaoi) + (P. wuana + P. yangshuoensis)) branch. All
nodes within Pseudocuneopsis are strongly supported
(BS =100%, PP = 1.0; Fig. 3B).

The type locality of this species is the Heiwan Riv-
er in the Wuling Mountain area, located in northeastern
Guizhou Province. This region lies in the transition-
al zone between the Yangtze River Basin and the Pearl
River Basin, characterized by typical karst topography
featuring caves, underground rivers, and fragmented wa-
tersheds. These geological features have given rise to a
highly complex and isolated hydrological network (Long
et al. 2021). Macroscopically, the Yangtze River Basin
and the Pearl River Basin are strikingly different in terms
of topography and hydrological features: the former has
a dense river network and a wide drainage area, where-
as the latter is characterized by short rivers, steep slopes,
and well-separated tributaries (Chen 2020; Wang et al.
2022). This pronounced environmental gradient, coupled
with the karst habitat, is highly likely to cause the isola-
tion of freshwater mussel populations and promote their

long-term differentiation, thereby facilitating species
formation (Brauer and Beheregaray 2020). In addition,
influenced by crustal uplift and changes in ancient river
courses, the water systems between the two major riv-
er basins may have undergone multiple connections and
separations (Chen et al. 2023; Zheng et al. 2013). This
geological process, combined with contemporary habitat
heterogeneity, likely contributed jointly to the complex
biogeographic patterns. This new species not only ex-
tends the known distribution range of the unique habi-
tat associated with the genus Pseudocuneopsis but also
provides a critical foundation for elucidating speciation
patterns and evolutionary history.

The ecosystem in karst areas is fragile (Brinkmann
and Parise 2012; Li et al. 2021). Once environmental
conditions are altered, local endemic species are at high-
er risk of population decline or even extinction (Duan et
al. 2021; Lu 2024). Current evidence suggests the prob-
able existence of numerous undiscovered cryptic species
within these karst ecosystems. Consequently, integrating
taxonomic research with conservation efforts, especially
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by strengthening surveys and monitoring in distinctive
habitats such as karst rivers, is a critical priority for the
future conservation of freshwater mussel diversity.
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