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Taxonomy and distribution of three species of Barleeia (Mollusca, Gastropoda,
Littorinimorpha, Barleeiidae) in the intertidal zone o the coast of China, with
description of a new species, Barleeia gilu Han, Qi & Kong, n. sp.

a,c,d

Xiao Han ©2 Biyang Xu®, Lu Qi® Shiyuan Liu® and Lingfeng Kong
3 ey Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao, People’s Republic of China; °Institute of Marine
Science and Technology, Shandong Universit(}/, Qingdao, People’s Republic of China; “Sanya Oceanographic Institution, Ocean University
of China, Sanya, People’s Republic of China; “Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National
Laboratory for Marine Science and Technology, Qingdao, People’s Republic of China

ABSTRACT

Barleeiids are common marine microgastropods worldwide. Three species of Barleeia (Barleeia
annamitica, Barleeia gilu n. sp. and Barleeia dunedini) found in the intertidal zone o the coast
of China are described in this study. Morphological comparisons and species delimitation
analyses using the universal mitochondrial COI gene sequence showed the distinctiveness
of three species. Barleeia qilu n. sp., di erentiated by its pointed apex and sutural
channelling, was identified as a new species following morphological observation and
phylogenetic analysis. Barleeia dunedini, previously considered as Ansola angustata (Pilsbry,
1901), has emerged as a distinct species and is probably the most widely distributed
barleeiid in China. Barleeia annamitica, which has a broader distribution than previously
recorded, is reported in China for the first time. Additionally, we propose to reassign Ansola
angustata to the genus Barleeia based on the phylogram. Morphological illustrations,
diagnoses, descriptions, and their approximate distribution along the coast of China are
provided for each species. This study improves our understanding of the species
composition, distribution and diversity of Barleeia in the intertidal zone of China.
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Introduction . . e
ecology, with only Barleeia unifasciata (Montagu,

Barleeiidae Gray, 1857 is a family of marine microgas-
tropods with high diversity and wide global distri-
bution (Ponder 1983; Gofas 1995; Absaldo 2002; Dos
Santos and Absaldo 2006). The family is a member of
the superfamily Rissooidea (Bouchet et al. 2017) and
currently includes nine valid genera and approximately
99 valid species (WoRMS Editorial Board 2023). On the
Pacific coast of Asia, only members of the genera Bar-
leeia W. Clark, 1853 and Ansola Slavoschevskaya, 1975
have been described. Barleeia, the type genus of Bar-
leeiidae, exhibits the highest species diversity and is
widely distributed worldwide (Ponder 1983; Gofas
1995; Rolan and Gori 2014). Ansola closely resembles
Barleeia in morphology (Slavoshevskaya 1975).
Ponder (1983) regarded Ansola as a synonym of Bar-
leeia. Barleeiids live on macroalgae that grow on
rocky reefs in lower tidal areas and subtidal zones in
large numbers (Ponder 1983; Gofas 1995; Gama-
Kwick et al. 2021). They are frequently found on macro-
algae with high ‘physical trapping’ characteristics
(Myers and Southgate 1980; Borja 1986a, 1986b).
There have been few studies on barleeiid habits and

1803) reasonably well studied (Southgate 1982; Fer-
nandez et al. 1988; Smith 2022).

Since the 1870s, a few studies on barleeiids have
been conducted in the Pacific coast of Asia. Barleeia
simplex (E. A. Smith, 1875) was discovered in Aomori,
Honshu, Japan and inhabits deep water in the subtidal
zone (Smith 1875; Okutani 2017; Khim et al. 2021).
Ansola angustata (Pilsbry, 1901), first discovered in
northwestern Hokkaido, Japan (Pilsbry 1901), is an
Asian subtropical-low boreal species commonly
found on rocks and algae in the intertidal to subtidal
zones (Gul'bin 2004, 2010; Sasaki 2008). Barleeia
annamitica (Dautzenberg & H. Fischer, 1907) has
been recorded only in Vietham (Dautzenberg and
Fischer 1907; Serene 1937; Hylleberg and Kilburn
2003). Barleeia trifasciata Habe, 1960, first discovered
in Kumamoto, Kyushu, Japan, is named after the
three darker bands encircling the body whorl (Habe
1960) and is distributed in the subtropical regions of
Japan and South Korea (Kosuge 1965; Choe and Park
1993). However, some views suggest that Barleeia tri-
fasciata is an intraspecific variation of Ansola angustata
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(Okutani 2000, 2017). Some Japanese malacologists
have synonymised Barleeia trifasciata with Ansola
angustata, but this relationship has never been
tested by molecular analysis (Tsuyoshi Takano, per-
sonal communication). Ansola labiosa Golikov & Kussa-
kin, 1978 and Ansola angulosa Golikov & Kussakin,
1978 are named after the distinct notch in the lower
parietal part of the aperture in the former and its irre-
gularly quadrilateral appearance in the latter (Golikov
and Kussakin 1978). They are distributed in the inter-
tidal zone of the northern Sea of Japan and its sur-
rounding areas (Kantor and Sysoev 2006).

The China seas are marginal seas at low and mid-
latitudes in the western Pacific Ocean (Liu 2011).
However, studies on micromolluscs, including Barleeii-
dae, along the coast of China have been inadequate
(Liu et al. 2013; Qi et al. 2020; Xu et al. 2022). Rissoina
dunedini Grabau & King, 1928 was first discovered in
Beidaihe, northern China (Figure 1B) (Grabau and
King 1928) and later recorded in Dalian, northern
China (Figure 1D) (Zhao et al. 1982). It is currently con-
sidered a synonym of Ansola angustata (Coan et al.
2015; Zhang et al. 2016) due to their morphological
similarity. Chang and Wu (2004) suggested that Bar-
leeia calcarea Kay, 1979, native to Hawaii, and Barleeia
alderi (Carpenter, 1857), native to the Pacific coast of
Mexico, are also found in Lutao Island (Green Island),
Taiwan Province, China. However, the identification
by Chang and Wu was based on empty beach shells
(Chang and Wu 2004), and considering the distance
from their type localities (Carpenter 1857; Kay 1979),
we doubt its accuracy. Consequently, Ansola angustata
is currently the only valid species of Barleeiidae
recorded in the intertidal zone of northern China
(zhang et al. 2016).

In the present study the morphological and molecu-
lar taxonomy of three species of Barleeiidae, collected
by the Laboratory of Shellfish Genetics and Breeding
from the intertidal zone o the coast of China from
2017 to 2023, were examined in detail to provide infor-
mation on their habitats and distribution. The objec-
tives of the present study were: (1) to explore the
approximate distribution pattern of barleeiid species
in the intertidal zone of China; (2) to provide detailed
morphological information and molecular sequence
data of the species recognised; and (3) to propose
optimal methods for their identification.

Materials and methods
Specimen collection

The material from China used in this study was all
collected from algae in the intertidal zone along
the coast of Shandong, Zhejiang, Guangdong,
Guangxi and Hainan (Figure 2). In addition, the bar-
leeiid from Jeju lIsland, South Korea was collected

during a survey in the Seongsan intertidal zone,
during the 2nd Asian Marine Biology Symposium
(AMBS) in October 2014 (Table 1, Supplementary
Material 1). Where possible, the living barleeiids,
along with their algae (Corallina sp.) were placed in
Petri dishes containing natural seawater (30%o sal-
inity) at room temperature (20°C). The specimens of
barleeiids were obtained following the washing
methods described by Xu et al. (2022). Once the
specimens were picked out of the algae, barleeiids
were individually preserved in 1.5 mL cryogenic vials
containing 95% ethanol.

Morphological observation and identification

The specimens were cleaned by sonication at a fre-
quency of 20 kHz for 1 min. The live barleeiid speci-
mens were all observed under a stereomicroscope
(Nikon SMZ 800N; Nikon, Tokyo, Japan) and photo-
graphed using a DS-Fi2 digital camera (Nikon, Tokyo,
Japan) attached to the stereomicroscope. A thin, trans-
parent, and uniform glass sheet (thickness 2 mm) was
initially used to allow the barleeiid to attach, and it was
subsequently inverted to photograph the sole of the
specimens. Image stacks of standard views of the
shells (Callomon 2019) were produced and combined
using Helcon Focus 8.0.2. The radulae and opercula
were collected during DNA extraction following the
method described by Qi et al. (2020). They were then
soaked in 1% KOH for 12 h to remove residual tissue
and finally washed with double-distilled water
(ddH50). The shells, opercula, and radulae were
thinly coated with gold and examined using a Tescan
Vega3 scanning electron microscope (Tescan, Brno,
Czech Republic) or a FlexSEM 1000 Il scanning electron
microscope (Hitachi, Tokyo, Japan). All photographs
were modified in Adobe Photoshop 2019 (Adobe
Systems, San Jose, CA, USA). Voucher materials have
been deposited at the LSGB (Qingdao, China). Ocean
Data View (5.6.3) software was used to create maps
of the sampling sites and other relevant locations
(Schlitzer 2022). For the barleeiids in this study, a set
of specific specimen numbers were assigned based
on their collection sites and time (Supplementary
Material 1).

All three Chinese species found in phylogenetic
analysis in this study (Figure 3) are morphologically
(operculum, radula, protoconch) consistent with
typical features of Barleeia (Ponder 1983) (Figures 4—
8). Based on morphological similarity to the original
description and related records, overlap of localities,
and di erentiation from other barleeiids in the
region (Pilsbry 1901; Dautzenberg and Fischer 1907;
Grabau and King 1928; Serene 1937; Habe 1960;
Zhao et al. 1982; Hylleberg and Kilburn 2003), one
species (Figure 3A) in this study was identified as Bar-
leeia annamitica (Dautzenberg & H. Fischer, 1907)
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Figure 1. Map of sampling and other sites. B, Beidaihe, type locality of Rissoina dunedini Grabau & King, 1928; D, Dailian, Liaoning;
S1, Beihuangcheng Island, Shandong; S2, Rongcheng, Shandong; S3, Haiyang, Shandong; Z1, Zhoushan Islands, Zhejiang; Z2,
Naniji Islands, Zhejiang; Y1, Jieyang Guangdong; G1, Guantouling, Guangxi; G2, Weizhou Island, Guangxi; H1, Linchang Reef,
Hainan; H2, Sanya, Hainan; K, Seongsan, Jeju Island, South Korea. (Ocean Data View (5.6.3), Schlitzer 2022).

(Figures 4, 5, 9A, 10E; Tables 1-4), one species (Figure
3B) previously identified as Barleeia angustata was
found to be Barleeia dunedini (Figures 1B, 2A-C, F-H,
7, 8, 9B, 10AH; Tables 1-4), and the third species
(Figure 3C) is a new species Barleeia qilu n. sp.
(Figures 2F-G, 6, 9C, 10F; Tables 1-4).

DNA extraction and sequencing

Due to limited sequence data of barleeiids on
Genbank and BOLD systems, we explored the
relationship among the three barleeiids investigated
by utilising cytochrome ¢ oxidase subunit | (COI)
sequences. Genomic DNA was extracted from the
specimens using TIANamp Marine Animal DNA Kit
(Tiangen, Beijing, China) according to the manufac-
turer’s protocol. DNA was eluted in 40 pL of elution
bu er and stored at —30°C. The COI gene was
amplified using the universal primer pair: LCO1490
(F: GGTCAACAAATCATAAAGATATTGG), HCO2198 (R:
TAAACTTCAGGGTGACCAAAAAATCA) (Folmer et al.
1994). Each PCR reaction mixture (25 uL total
volume) contained 1pL DNA and 24 pL PCR-mix
[22 yL of GoldenStar® T6 Super PCR Mix (1.1x)
Golden Mix (green) (Tsingke, Beijjing, China), 1L
of each primer (10 uM)]. The thermocycler conditions

included an initial denaturation at 94°C for 3 min, fol-
lowed by 36 cycles of denaturation at 94°C for 45 s,
annealing at 48°C for 45s, elongation at 72°C for
1 min, and a final elongation at 72°C for 10 min.
The amplified products were confirmed by electro-
phoresis of aliquots of the products in 1.5% agarose
gels. After running the gel at 125V for 20 min, the
products were stained with ethidium bromide and
visualised using a UV transilluminator (Peiging,
Shanghai, China). The products were sent to BGI
Co., Ltd (Qingdao, China) for Sanger sequencing.
The obtained sequences were manually checked for
accuracy, and the primers were trimmed on both
forward and reverse strands. The trimmed sequences
were merged into contigs using Lasergene SegMan
Pro 7.1.0 (DNAstar Inc., Madison, WI, USA). All refer-
ence sequences can be found in the Supplementary
Material 1. The assembled COI sequences were
deposited in GenBank (Supplementary Material 1).

Phylogenetic analyses

Phylogenetic analyses were conducted using
maximum likelihood (ML) approaches using 11
newly generated COI sequences from barleeiid speci-
mens, as well as eight COI sequences from GenBank
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Figure 2. Photos of sampling locations. A, rocky intertidal zone of Nanji Islands (Wenzhou, Zhejiang); B, rocky intertidal zone of
Zhoushan Islands (Zhoushan, Zhejiang); C, algae growing on the lower intertidal zone of Nanji Islands (Wenzhou, Zhejiang); D,
rocky intertidal zone of Weizhou Island (Beihai, Guangxi); E, algae growing on the lower intertidal zone of Weizhou Island
(Beihai, Guangxi); F, distant view of a rocky intertidal zone on the coast of Rongcheng (Weihai, Shandong); G, close view of a
rocky intertidal zone on the coast of Rongcheng (Weihai, Shandong); H, microhabitats of Barleeia dunedini (Grabau & King,
1928) (minute black cone-shaped creature). (Photos taken by Biyang Xu and Xiao Han).

or BOLD (see Supplementary Material 1). Rissoina fas-
ciata A. Adams, 1853 (family Rissoinidae) was used as
the outgroup. The COI sequences were aligned using
the MAFFT v7.515 (Katoh and Standley 2013) soft-
ware. The multiple sequence alignment was
trimmed using Trimal v1.4.1 (Capella-Gutiérrez et al.
2009) with default parameters in a Linux environ-
ment. The ML analyses were performed with RAXML

v8.2.12 (Stamatakis 2014) using the GTRGAMMA sub-
stitution model and 1000 bootstrap (BS) replicates.
The resulting trees were visualised using FigTree
v14.4 (Rambaut 2018) with annotations added in
Adobe lllustrator 2019 (Adobe Systems, San Jose,
CA, USA).

To determine whether the molecular phylogenetic
analysis was consistent with the morphological
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Figure 3. Maximum-likelihood phylogram and comparison of species delimitation results based on COI sequences. Numbers on
nodes indicate nodal support (ML boop tstrap percentage). Bold branches indicate sequenced samples in this study (clade A for
Barleeia annamitica, clade B for Barleeia dunedini, clade C for Barleeia qilu n. sp.). For details of the corresponding individual
numbers of those given bracketed designations in this phylogram see Supplementary Material 1. The coloured bars on the
right side of the phylogram are three species delimitation methods (in order ASAP, bPTP and sGMYC).

Figure 4. Photographs of living Barleeia annamitica. Scale bars: 1000 ym.

taxonomy, three species delimitation methods were
employed in this study. The first one was the Assemble
Species by Automatic Partitioning (ASAP) method (Puil-
landre et al. 2021). The sequence alignment was input
to the ASAP website (https://bioinfo.mnhn.fr/abi/public/
asap/asapweb.html) and the Kimura (K80) metric with a
ts/tv ratio of 2.0 was selected to compute the distances.
The partition with the lowest ASAP-score was chosen as
the result. The second one was the Bayesian Poisson tree
process (bPTP) method (Zhang et al. 2013). The output
ML tree from RAXML was input to the bPTP web server
(https://species.h-its.org/ptp) with default parameters

(10,000,000 MCMC generations, sampling every
1,000,000 and discarding the first 1,000,000 generations
as burn-ins). The third method was the single-threshold
GMYC (sGMYC) (Pons et al. 2006), which was conducted
in R, using the ‘Splits’ (Species Limits by Threshold Stat-
istics) package (Ezard et al. 2009). The group mean dis-
tances of COI between the analysed specimens (Table
2) and the intraspecific mean distances within the three
studied barleeiids and Barleeia angustata groups (Table
2, four sequences in each group) were calculated using
MEGA 11 (Tamura et al. 2021), with the Kimura-2-par-
ameter (K2P) substitution model.


https://bioinfo.mnhn.fr/abi/public/asap/asapweb.html
https://bioinfo.mnhn.fr/abi/public/asap/asapweb.html
https://species.h-its.org/ptp
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Figure 5. Barleeia annamitica (Dautzenberg & H. Fischer, 1907). A-H, shell. A-D, specimen LSGB-GXBH-2207150102 (Guangxi); A,
apertural view of shell B, scanning electron micrographs of apertural view of shell; C, lateral view of shell; D, dorsal view of shell;
(E, F), Di erent colours exhibited (both Guangxi); E, specimen LSGB-GXBH-2207150105, reddish brown with spiral bands; F, speci-
men LSGB-GXBH-2207170107, pure reddish brown; G, specimen LSGB-2JZS-2104090104 from Zhoushan, Zhejiang; H, specimen
LSGB-2JWZ-2007230103 from Wenzhou, Zhejiang; I, J, inner face of operculum (1, scanning electron micrograph; J, colour photo);
K, radula; L, part of protoconch. Scale bars: 1000 um (A—H); 500 pym (I, J); 100 ym (L); 30 um (K).

Abbreviations , . .
Muséum national d’Histoire naturelle, France

Institutional: (MNHN);

Academy of Natural Sciences of Philadelphia, USA National Science Museum Korea, South Korea (NSMK).
(ANSP); Morphological:

Laboratory of Shellfish Genetics and Breeding, Aperture length (AL);
China (LSGB); Body whorl height (BW);

Marine Biological Museum, Chinese Academy of Shell height (SH);

Sciences, China (MBM); Shell width (SW).
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Figure 6. Barleeia gilu Han, Qi & Kong, n. sp. A-G, shell. A-D, specimen LSGB-SDHY-1904190305 (Haiyang, Shandong); A, apertural
view of shell; B, scanning electron micrographs of apertural view of shell; C, lateral view of shell; D, dorsal view of shell; E, speci-
men LSGB-SDHY-1904190306 (Haiyang, Shandong); F, specimen LSGB-SDHY-1904190308 (Haiyang, Shandong) with deep suture;
G, specimen LSGB-SDRC-1706200301, subadult (Rongcheng, Shandong); H, protoconch; |, radula; J, K, operculum (J, inner face; K,
outer face). Scale bars: 1000 um (A— G); 100 ym (H); 400 pm (J, K); 20 um (1).

Results
Molecular analysis

In the ML tree (Figure 3), the phylogeny is comprised of
two large clades, designated as Clade | and Clade II. The
species originally labelled ‘Ansola angustata’ in
GenBank was resolved within Barleeia in this branch.
For the sake of monophyly and Ponder’s synonymy of
Ansola (Ponder 1983). Ansola angustata is placed in

the genus Barleeia. Each studied barleeiid species
formed a distinct clade: clade A for Barleeia annamitica,
clade B for Barleeia dunedini, and clade C for Barleeia gilu
n. sp. The nodal support for each clade ranged from 92%
to 100%. Clades B and C formed the well-supported
clade Il (BS =100%), while clade A and clade ‘Barleeia
angustata’ formed a clade with strong nodal support
(BS=100%) (Figure 3). Clade A and clade ‘Barleeia
angustata’, together with clade ‘Barleeia oldroydi
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Figure 7. Photographs of living Barleeia dunedini (Grabau & King, 1928) on Corallina sp. A, Side view; B, Basal view; C, Rear view;

D, Ventral view. Scale bars: 1000 pm (A-C); 1500 ym (D).

Bartsch, 1920’ and clade ‘Barleeia haliotiphila Carpenter,
1864’ constituted the major clade |, while clades Band C
constituted the other major clade Il (Figure 3).

All three species delimitation methods identified
Barleeia annamitica, Barleeia gilu n. sp. and Barleeia
dunedini as distinct molecular operational taxonomic
units or putative species (Figure 3).

The mean K2P distances within the three barleeiids
were 1.72% (Barleeia annamitica), 1.08% (Barleeia qilu
n. sp.) and 2.34% (Barleeia dunedini) respectively,
while the mean K2P pairwise distances of the three
barleeiids ranged from 27.28% to 30.51% (Tables 2
and 3). The mean K2P distance between Barleeia anna-
mitica and Barleeia angustata was 15.88%, which was
lower than those between Barleeia annamitica and
the other two barleeiids studied in this paper, which
may indicate a closer relationship between Barleeia
annamitica and Barleeia angustata.

Systematics

Order Littorinimorpha Golikov & Starobogatov,
1975
Superfamily Rissooidea Gray, 1847
Family Barleeiidae Gray, 1857
Genus Barleeia W.Clark, 1853

Barleeia Clark 1853: 292. Type species: Turbo ruber
J. Adams, 1797, not van Salis, 1793 (= T. unifasciatus
Montagu, 1803); Recent, eastern Atlantic and Mediter-
ranean Sea.

Barleia, Barleeja, err. auct.

Pseudodiala.— Ponder, 1967: 219. Type species (orig-
inal designation): Diala acuta Carpenter, 1864,
Recent, western North America.

Ansola— Slavoshevskaya, 1975. Slavoshevskaya 1975:
119. Type species (original designation): Assiminea
angustata Pilsbry, 1901; Recent, north-western Pacific.
Type species, by original designation, Turbo unifasciata
Montagu, 1803.

Diagnosis

Shell: Small (1-4 mm), rather solid, conic to ovate-
conic, non-umbilicate, smooth or with weak spiral
threads, periphery convex to angled. Aperture with
simple peristome, angled but not channelled poster-
iorly, sub-angular to rounded anteriorly. Outer lip
usually prosocline, rarely orthocline or opisthocline,
with or without varix, thin, with sharp edge. Proto-
conch paucispiral, dome-shaped, with numerous
small pits arranged more or less in spiral series; some-
times with narrow, unpitted spiral bands, but no raised
spiral ridges. Inner chitinous layer moderately well
developed (Ponder 1983).

Barleeia annamitica (Dautzenberg & H. Fischer,
1907)
Figures 4, 5, 9A, 10E; Tables 1-4
Barleeia annamitica Dautzenberg and Fischer 1907:
169-170; plate VI, figure 2; Serene 1937: 39; Hylleberg
and Kilburn 2003: 42.



MOLLUSCAN RESEARCH (&) 9

Figure 8. Barleeia dunedini (Grabau & King, 1928). A-K; shell. A-D, specimen LSGB-SDHY-1904190201 (Haiyang, Shandong); A, aper-
tural view of shell; B, scanning electron micrographs of apertural view of shell C, lateral view of shell; D, dorsal view of shell; E, small
subadult, LSGB-ZJWZ-2007230203 (Wenzhou, Zhejiang); F, small subadult, LSGB-2JZS-2104090202 (Zhoushan, Zhejiang); G, subadult
with light white spiral band, LSGB-SDBHC-2211150201 (Beihuangcheng Island, Shandong); H, subadult, LSGB-SDBHC-2211150202
(Beihuangcheng Island, Shandong); I, adult, LSGB-SDBHC-2211150203 (Beihuangcheng Island, Shandong); J, LSGB-HNDZ-
2105200203 (Danzhou, Hainan), periphery not keeled; K, small subadult, LSGB-GXBH-2207170201 (Guangxi, Beihai); L, protoconch;
M, radula; N, O, operculum. Scale bars: 2000 pm (A-D, I); 1000 pm (E-H, J, K); 400 pm (N, O); 200 um (L); 50 pm (M).

Material examined

LSGB-GXBH-2207170101,
LSGB-ZJZ5-2104090101,

LSGB-ZJWZ-2007230101,
LSGB-GXBH-2207150101,
LSGB-GXBH-2207150102, LSGB-GXBH-2207150105,
LSGB-GXBH-2207170107, LSGB-ZJZS-2104090104,
LSGB-ZJWZ-2007230103. (Supplementary Material 1)

Type locality

Plage de Ben-Son (M. Boutan), Vietnam.

Description
Shell

(Figure 5A—H) Minute (< 1.5 mm), ovate-conic, subtran-
sparent, thin but not fragile; spire whorls slightly
convex, with slightly blunt apex. Protoconch (Figure
5L) dome-shaped, with dense micro pits arranged in
somewhat regular spirals. Teleoconch with 3 whorls,
convex, smooth, without any spiral cords, grooves or
sculptures, with few inconspicuous growth lines.
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Table 1. Sampling information.

Collection

Location Locality name date Collector Geo-coordinates

S1 Beihuangcheng Island, Yantai, Shandong, China 15 Nov. Xiao Han 120°55'12"E, 38°23'31"N
S2 Chengshan, Rongcheng, Weihai, Shandong, China 202?55. Lu Qi 122°31'22"E, 37°24'10"N
S3 Xiangyangcun village, Haiyang, Yantai, Shandong, China 19221;. Lu Qi 121°02'20"E, 36°35'24"N
21 Miaozihu Island, Zhoushan Islands, Zhoushan, Zhejiang, China 0922\1)?. Biyang Xu, Lu Qi 122°41'24"E, 30°11'46"N
22 Dalei Island, Nanji Islands, Wenzhou, Zhejiang, China 232?56 Biyang Xu, Lu Qi 121°06'11"E, 27°29'49"N
G1 South of Guantouling, Beihai, Guangxi, China 172?5I(.) Xiao Han, Lu Qi 109°02'59"E, 21°26'20"N
G2 Nanwan bay, Weizhou Island, Beihai, Guangxi, China 152?55 Xiao Han, Lu Qi 109°05'38"E, 21°00'58"N
H1 Linchang reef, Lingao, Hainan, China 202(13/I2azy Shiyuan Liu, Lu Qi 109°26'49"E, 19°55'05"N
H2 Xiaodonghai, Sanya, Hainan, China 6 i/loz;zyl Xiao Han 109°29'53"E, 18°12'22"N
Y1 Dashiwei, Jieyang, Guangdong, China 192?52. Xiao Han 116°30'11"E, 22°56'49"N
*K Seongsan, Jeju Island, South Korea 3 E)Zci Lingfeng Kong 126°56'06"E, 33°27'36"N

Note: The asterisk represents the site in South Korea.

Table 2. Mean Kimura 2-parameter pairwise distances (%) among the analysed species based on COlI.

Species 1 2 3 4 5 6 7 8
Barleeia annamitica -

Barleeia dunedini 28.68 -

* Barleeia dunedini 28.29 177 -

Barleeia gilu n. sp. 30.51 27.28 27.39 -

Barleeia angustata 15.88 271.27 2741 29.48 -

Barleeia haliotiphila 26.33 28.18 28.22 33.66 2331 -

Barleeia oldroydi 23.77 26.03 26.52 30.46 2177 20.95 -

Rissoina fasciata 24.03 25.59 2519 33.62 22.70 28.28 24.88 -

Note: The bold names are the three studied Barleeia. The specimen from Jeju Island, South Korea is marked with an asterisk.

Periphery slightly convex, broadly rounded. Suture
slightly impressed, simple. Aperture almost ovate,
with simple and continuous peristome, slightly angled
posteriorly; inner lip narrow, very slightly separated
from body whorl; outer lip prosocline, without varix.
Periostracum thin. Umbilicus slit-like. Background
colour variable, such as pure reddish-brown, yellowish
green, light brown (Figure 5A,E-H), some with light yel-
lowish spiral band on the body whorl (Figure 5E,H).

Radula

(Figure 5K) Typical of Barleeia (Ponder 1983). Central
tooth with large, rectangular to U-shaped median

Table 3. Mean Kimura 2-parameter distance (%) within
species (four individuals in each species) computed using
COI sequences of the three studied species of Barleeia, and
B. angustata.

Species Distance SE.
Barleeia annamitica 172 0.40
Barleeia dunedini 2.34 0.52
* Barleeia dunedini 0.16 0.11
Barleeia qilu n. sp. 1.08 0.31
Barleeia angustata 0 0

Note: The specimen from Jeju Island, South Korea is marked with an
asterisk.

cusp; 2 small, sharp lateral cusps; pair of basal denticles,
separated by broad, inconspicuous U-shaped lamella.
Lateral teeth 2+ 1+2-3, median cusp prominent,
approximately twice as long as lateral cusps; the outer-
most cusp the shortest. Marginal teeth, cusps subequal;
inner marginal teeth with 5-8 cusps on outer % of teeth;
outer marginal teeth elongated, slightly curved and
narrow with 4-6 cusps on outer ¥ of teeth.

Operculum

(Figure 51J) Typical of Barleeia (Ponder 1983). with
slightly convex outer surface; sub-ovate, horny, moder-
ately thick, golden yellowish to dark yellowish, opaque,
solid; nucleus eccentric. Outer face, with an eccentric
nucleus and thin growth pattern. Inner face, with
internal longitudinal ridge and a prominent peg emer-
ging from nucleus and extending beyond inner edge.

Head-foot

(Figure 4) Head-foot white. Foot simple; sole white,
with a longitudinal slit reaching to posterior end
of foot; the opercular lobe slightly grey. Snout
short, white. A pair of tentacles with white swollen
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Table 4. Morphological comparison of the three studied Barleeia.
Barleeia annamitica Barleeia gilu n. sp.

Barleeia dunedini

Shell The smallest, ovate-conic, thin but not
fragile; colour variable, such as pure
reddish-brown, yellowish green, light
brown; smooth

Medium-sized, elongate, conical, thin but
not fragile, colour from pale-yellow to
yellowish-brown; smooth

The largest, elongate, conical, solid, colour
variable, such as pure reddish-brown, dark
reddish-brown, yellow reddish-brown; the
base of the body whorl, near the inner lip,
with some fine axial sculptures

Spire Whorls slightly convex, with a slightly blunt ~ Whorls slightly convex, with a pointed and  Whorls slightly flat, with a slightly blunt and
apex thin apex wide apex

Whorl Slightly convex Slightly convex with sutural channelling Slightly flat

Aperture Almost ovate, slightly angled posteriorly; Ovate; peristome thin Ovate; peristome slightly thick
peristome thin

Radula Central tooth with rectangular to U-shaped ~ Central tooth with rectangular median Central tooth with rectangular median cusp;
median cusp; Lateral teeth 2 + 1 + 2-3; cusp; Lateral teeth 2+ 1+ 2; Inner Lateral teeth 2 + 1 + 2; Inner marginal
Inner marginal teeth with 5-8 cusps, outer marginal teeth with 7-8 cusps, outer teeth with 6-8 cusps, outer marginal teeth
marginal teeth with 4-6 cusps marginal teeth with 6-9 cusps with 4-6 cusps

Operculum  Golden yellowish to dark yellowish Dark reddish-brown Dark reddish-brown

Periphery  Convex, rounded Convex, rounded Convex, angled or rounded, most with keel

base, black pigmented eyes; small black pigmented
spots on the posterior area of the eyes. Cephalic
tentacles translucent, parallel-sided, white, with
rounded tips.

Measurements

Shell height 0.96-1.48 mm, shell width 0.66-1.00 mm,
aperture length 0.43-0.67 mm, body whorl height
0.70-1.04 mm (n=5). (Details in Supplementary
Material 2)

Diagnosis

Relatively small (< 1.5 mm), ovate-conic, thin but not
fragile; whorls convex, with slightly blunt apex; Periph-
ery convex, rounded; colour variable, from pure
reddish brown to light yellow with two yellowish
brown bands in the body whorl; operculum golden
yellowish to dark yellowish; inner marginal teeth with
5-8 cusps, outer marginal teeth with 4-6 cusps.

Habitat

(Figure 2A-E) Barleeia annamitica primarily inhabits
macroalgae (e.g. coralline algae) in the lower intertidal
on rocky reefs.

Known distribution

Beihai, Guangxi; lJieyang, Guangdong; Zhoushan
Islands, Zhejiang; Nanji Islands, Zhejiang; Vietnam
(Dautzenberg and Fischer 1907; Serene 1937).

Estimated distribution

(Figure 9A) The coastal area from the Sino-Viethamese
border to the estuary of the Yangtze River; East and
south coasts of Taiwan Island.

Remarks

This species is relatively small and typically found living
amongst well-developed macroalgae, particularly cor-
alline algae, in the lower intertidal zone of subtropi-
cal-tropical rocky reefs. It has not been found along
the coasts of China north of the Yangtze River estuary.

This species was first found in the Beibu Gulf (Gulf of
Tonkin) in this study, very close to the type locality of
Barleeia annamitica, and its shell shape is consistent
with the syntype of that species (MNHN-IM-2000-
36705). Most individuals have two brown spiral
bands on the body whorl that are consistent with the
original description. However, some individuals are
pure reddish brown (Figure 5F,G), and are di cult to
di erentiate from Barleeia dunedini when they are
the same size (Figure 8E,F). However, they can still be
distinguished by the colour of their opercula. The oper-
culum of Barleeia annamitica is golden yellow or yel-
lowish brown, and very di erent from the deep red
of Barleeia dunedini. Although Barleeia annamitica
has spiral bands, these are obviously di erent from
Barleeia trifasciata; that is, the three darker bands on
its body whorl are absent and its periphery is not obtu-
sely angulate like Barleeia trifasciata (Habe 1960).
Detailed di erences between this species and Barleeia
gilu n. sp.as well as Barleeia dunedini are in Table 4. The
aperture of Barleeia annamitica is almost ovate, which
is significantly di erent from that of Ansola angulosa or
Ansola labiosa. It is distributed in the subtropical-tropi-
cal intertidal zone and can be clearly distinguished
from Barleeia simplex in distribution and depth.

Barleeia gilu n. sp.

Figures 2F-G, 6, 9C, 10F; Tables 1-4

urn: Isid: zoobank.org:pub:7EFA6806-3A9E-40EC-
A639-5AF4ADB8D5CC7

Type material

Holotype. Intertidal zone of Xiangyangcun village,
Haiyang, Shandong, China, 121°2'20"E, 36°3524"N,
coll. L. Qi, 3 Apr. 2019, (LSGB, LSGB-SDHY-
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Figure 9. The predicted distribution of three barleeiids and currents in the China Sea. A, predicted distribution of Barleeia anna-
mitica in coastal areas of China (dark blue); B, predicted distribution of Barleeia dunedini in coastal areas of China (red); C, pre-
dicted distribution of Barleeia gilu n. sp. in coastal areas of China (pink); D, Currents in the China Sea (February), a, Kuroshio, b,
Tsushima warm current, ¢: Yellow Sea Warm Current, d, Yellow Sea Coastal Current, e, East China Sea Coastal Current, f, Taiwan

Warm Current, g, Northeast Monsoon Current (Xu and Oda 1999).

1904190305, dry shell). (Supplementary Material 1;
measurements in Supplementary Material 3).
Paratypes. Same location as holotype, coll. L. Qi, same
data as holotype, (LSGB, LSGB-SDHY-1904190306,
LSGB-SDHY-1904190308, dry shells). (Supplementary
Material 1; measurements in Supplementary Material 3).

Material examined

Type material. See above. Other material. Same location
as holotype, coll. L. Qi, same data as holotype, (LSGB-
SDHY-1904190301, LSGB-SDHY-1904190302, LSGB-
SDHY-1904190303, 3, dry shells); Intertidal zone of
Chengshan, Rongcheng, Weihai, Shandong, China,
122°31'22"E, 37°24'10°N, coll. L. Qi, (LSGB-SDRC-
1706200301, 1, dry shell). (Supplementary Material 1;
measurements in Supplementary Material 3).

Type locality

Xiangyangcun village, Haiyang, Shandong, China
(Figure 1, location S3).

Description
Shell

(Figure 6A-G) Minute (<2.5mm), elongate, conical,
subtransparent, thin but not fragile; spire whorls
slightly convex, with pointed and thin apex. Proto-
conch (Figure 6H) dome-shaped, with dense micro
pits arranged in regular spiral. Teleoconch with four
whorls, slightly convex, smooth, without any spiral
or axial cords, grooves or sculptures, with few incon-
spicuous growth lines. Periphery convex, broadly
rounded; some with faint periphery keel (Figure 6E).
Suture impressed with distinct channelling (Figure
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Figure 10. Species of Barleeia at the same scale. A, Barleeia dunedini (Grabau & King, 1928) (LSGB-SDHY-1904190202); B, Rissoina
dunedini Grabau & King, 1928 (Syntype, MBM280645) (Coan et al. 2015); C, Barleeia angustata (provided by Tsuyoshi Takano); D,
lectotype of Barleeia angustata (ANSP 80957); E, Barleeia annamitica (Dautzenberg & H. Fischer, 1907) (LSGB-GXBH-2207150102);
F, Barleeia gilu n. sp. (LSGB-SDHY-1904190305); G, ‘Barleeia trifasciata’, collected in Jeju Island (Choe and Park 1993); H, Barleeia
dunedini collected in Jeju Island (South Korea) (LSGB-SKJS-1410030105). Scale bars: 1000 ym (A-H).

6F), simple. Aperture almost ovate, with simple, con-
tinuous and slightly thinner peristome; inner lip
narrow, very slightly separated from last whorl;
outer lip prosocline, without varix. Periostracum
thin. Umbilicus slit-like. Background colour variable,
from pale-yellow to dark yellowish-brown (Figure
6AEF).

Radula

(Figure 61) Typical of Barleeia (Ponder 1983). Central
tooth with large, rectangular to trapezoidal median
cusp; two small, sharp lateral cusps; pair of basal den-
ticles, separated by broad, inconspicuous U-shaped
lamella. Lateral teeth 2+ 1+ 2, median cusp promi-
nent, approximately twice as long as lateral cusps;
lateral cusps small, sharp. Marginal teeth, cusps subeg-
ual; inner marginal teeth with 7-8 cusps on outer % of
teeth; outer marginal teeth elongated, slightly curved
and narrow with 6-9 cusps on outer and inner % of
teeth.

Operculum

(Figure 6J,K) Typical of Barleeia (Ponder 1983) with
slightly convex outer surface; subovate, horny, moder-
ate in thickness, dark reddish-brown, opaque, solid.
Outer face with an eccentric nucleus and thin growth
pattern. Inner face, with internal longitudinal ridge
and a prominent peg emerging from nucleus and
extending beyond inner edge.

Head-foot

Unknown.

Measurements

Shell height 1.80-2.24 mm, shell width 1.14-1.23 mm,
aperture length 0.67-0.84 mm, body whorl height
1.21-1.36 mm (n=4). (Details in Supplementary
Material 3).

Diagnosis

Medium-sized (< 2.5 mm), elongate, conical, thin but
not fragile; whorls convex, with pointed and thin
apex; suture impressed with distinct channelling; per-
iphery convex, rounded; colour variable, pale-yellow
to dark yellowish-brown; operculum dark reddish-
brown; inner marginal teeth with 7-8 cusps, outer mar-
ginal teeth with 6-9 cusps.

Habitat

(Figure 2F-G) On the macroalgae (e.g. coralline algae
or Sargassum thunbergii [Mertens ex Roth] Kuntze,
1880) in the middle and lower areas of the rocky inter-
tidal zone.
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Known distribution

Chengshan, Rongcheng, Shandong; Xiangyangcun
village, Haiyang, Shandong.

Estimated distribution

(Figure 9C) Eastern Shandong Peninsula, China.

Remarks

Based on the morphological characteristics and phylo-
genetic tree, this species can be well distinguished
from other known Barleeia species in the Pacific
coast of Asia. This medium-sized species is extremely
rare, having been found in only two sampling sites
(Figure 9C). The subadult shell is somewhat similar to
that of Ansola angulosa, however, the aperture of the
adult does not exhibit the distinct irregular quadrilat-
eral shape observed in A. angulosa as originally
described by Golikov and Kussakin (1978). Detailed
di erences between this species and Barleeia dunedini
and Barleeia annamitica are in Table 4, and the species
is clearly incompatible with the original description of
Barleeia trifasciata in spiral bands, periphery, etc. (Habe
1960) and is well distinguishable from Barleeia angu-
stata in the phylogenetic tree (Figure 3).

Etymology

This species is named after ‘Qilu’, the alternative name
for Shandong province (China), its first and only discov-
ered location.

Barleeia dunedini (Grabau & King, 1928)
Figures 1B, 2A-C, F-H, 7, 8, 9B, 10A H; Tables 1-4

Rissoina dunedini Grabau and King, 1928. Grabau and
King 1928: 34; 1928e: 57; 1928f: 133;

Barleeia angustata.— (Pilsbry, 1901). Coan et al. 2015:
209-210, pl. fig. 26 A, B; fig. 27A, B.

Rissoina nelsoni.— Grabau and King, 1928. Grabau and
King 1928: 34; 1928e: 57; 1928f: 231, 275, pl. 10, fig.
107.

Barleeia dunedini— (Grabau and King, 1928). Zhao
et al. 1982: 31-32, pl. 4, fig. 2.

Material examined
LSGB-SDBHC-2211150204,
LSGB-7JZS-2104090201,

LSGB-ZJWZ-2007230201,

LSGB-HNDZ-2105200201,
LSGB-SDHY-1904190201, LSGB-ZJWZ-2007230203,
LSGB-ZJZS-2104090202, LSGB-SDBHC-2211150201,
LSGB-SDBHC-2211150202, LSGB-SDBHC-2211150203,
LSGB-HNDZ-210520203, LSGB-GXBH-2207170201,
LSGB-SKJS-1410030101, LSGB-SKJS-1410030102,
LSGB-SKJS-1410030103, LSGB-SKJS-1410030104,
LSGB-SKJS-1410030105, LSGB-SDHY-1904190202.

(Supplementary Material 1; measurements in Sup-
plementary Material 4).

Type locality
(Figure 1B) Bei Daihe, Hebei, China.

Description
Shell

(Figure 8A-K) Minute (< 3 mm), elongate, conical, sub-
transparent, solid; spire whorls slightly flattened, with a
slightly blunt and wide apex. Protoconch (Figure 8L)
dome-shaped, with numerous micro-pits arranged in
regular spiral, pits on the lower whorl larger. Teleo-
conch with 4 whorls, slightly flattened, almost
smooth, without any spiral or axial cords, grooves or
sculpture, with few inconspicuous growth lines; the
base of the body whorl, near the inner lip, with some
fine axial sculpture. Periphery slightly convex, slightly
angled, with keel (Figure 8E), sometimes this not
obvious (Figure 8J). Sutures shallow, some slightly
deep (Figure 8J), simple. Aperture ovate, with simple,
continuous and slightly thicker peristome; inner lip
narrow, very slightly separated from body whorl;
outer lip prosocline, without varix. Periostracum thin.
Umbilicus slit-like. Background colour variable, such
as pure reddish-brown, dark reddish-brown, yellow
reddish-brown (Figure 8AE-K), some with 1 light
white spiral band on the body whorl (Figure 8G).

Radula

(Figure 8M) Typical of Barleeia (Ponder 1983). Central
tooth with large, rectangular median cusp; 2 small,
sharp lateral cusps; pair of basal denticles, separated
by broad, inconspicuous U-shaped lamella. Lateral
teeth 2 + 1 + 2, median cusp prominent, approximately
twice as long as lateral cusps; lateral cusps small, sharp.
Marginal teeth, cusps subequal; inner marginal teeth
with 6-8 cusps on outer % of teeth; outer marginal
teeth elongated, slightly curved and narrow with 4-6
cusps on outer ¥ of teeth.

Operculum

(Figure 8N, O) Typical of Barleeia (Ponder 1983). with
slightly convex outer surface; subovate, horny, moder-
ate in thickness, dark or light reddish-brown, opaque,
solid. Outer face with eccentric nucleus and thin
growth pattern. Inner face with internal longitudinal
ridge and prominent peg emerging from nucleus
and extending beyond inner edge.



Head-foot

(Figure 7) Head-foot black. Foot simple; sole light
greyish white, with longitudinal slit reaching to pos-
terior end of foot (Figure 7D). Snout short, bilobed,
black, with light yellow tip. A pair of pale-yellowish
swollen bases bearing black-pigmented eyes (Figure
7B). Cephalic tentacles translucent, parallel-sided,
grey-black, with rounded tips (Figure 7A).

Measurements

Shell height 1.03-2.74 mm, shell width 0.72-1.40 mm,
aperture length 0.46-0.89 mm, body whorl height
0.76-1.61mm (n=9). (Details in Supplementary
Material 4)

Diagnosis

Relatively large (< 3 mm), elongate, conical, rather
solid; whorls slightly flat, with slightly blunt and wide
apex; suture shallow; periphery convex, angled or
rounded; colour variable, pure reddish-brown, dark
reddish-brown, yellow reddish-brown, some with
light white spiral band on the body whorl; operculum
dark reddish-brown; inner marginal teeth with 6-8
cusps, outer marginal teeth with 4-6 cusps.

Habitat

(Figure 2A-C, F-H) on the macroalgae (e.g. coralline
algae or Sargassum thunbergii) in the middle and
lower areas of the rocky intertidal zone.

Estimated distribution

(Figure 9B) Almost the whole coast of China. From
Hainan province to Zhejiang province, northern
Jiangsu Province to Liaoning Province. Eastern part
of Hebei Province. East and south coasts of Taiwan
Island.

Remarks

Although the shell of this species resembles that of
the lectotype of Barleeia angustata (ANSP 80957,
Figure 10D), it di ers significantly from this species
on the molecular level (Figure 3). Its spiral bands
do not correspond well to the original description
of Barleeia trifasciata (Habe 1960), although some
individuals exhibit a distinctive light white spiral
band on the shell surface during warm seasons
(Figure 8G). Its morphological features are very
similar to that of Rissoina dunedini (Figure 10B,
syntype, MBM280645), which has been long con-
sidered a synonym of Barleeia angustata (Zhang
et al. 2016). Taking into account the above points
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and wide distribution in northern China, the species
is hereby revised as Barleeia dunedini.

This species is relatively large for the genus.
Notably, the peripheral keel of certain individuals is
less pronounced, resulting in a more rounded periph-
ery (Figure 8J). It is likely the most widespread
species of Barleeia within the intertidal zone of China
(Figure 9B).

Discussion
Phylogenetic relationships

The micromolluscs studied in this paper were ident-
ified as three distinct species of Barleeia based on
their significant morphological di erences and phylo-
genetic reconstruction (Table 4, Figure 3). The
maximum likelihood phylogram as well as the
results of three species delimitation methods
matched well with the morphological di erences of
the corresponding species, indicating that they rep-
resent three distinct molecular operational taxonomic
units (Figure 3). As for Barleeia angustata, on
GenBank, one COIl sequence from Japan (Takano
and Kano 2014) and three COl sequences from
NSMK, all labelled ‘Ansola angustata’ (Supplementary
Material 1), had a mean K2P distance (%) within
species of 0 (Table 3). Based on its position in the
phylogram (Figure 3) reconstructed from the above
four sequences, in order to maintain monophyly of
Barleeia, Ansola is treated as a synonym of Barleeia,
following Ponder (1983).

We identified Barleeia annamitica due to its geo-
graphical proximity to the type locality and the mor-
phological similarity of our material with the type
specimens (Philippe Bouchet, personal communi-
cation). Based on the phylogram, Barleeia annamitica
seems to have a closer relationship with Barleeia
angustata. Barleeia dunedini (specifically referring to
the species found herein from China and South
Korea [Figure 1K]) may have been confused in the
past with the aforementioned Barleeia angustata
[specifically the Barleeia found in Japan (Figure
10C)] due to the following four factors: (1) Morpho-
logical similarity. Both Barleeia dunedini (Figure 10A,
H) and Barleeia angustata (Figure 10C) are similar
to the lectotype of Barleeia angustata (ANSP 80957,
Figure 10D) in morphology, colour and size, and Bar-
leeia dunedini has been considered a synonym of Bar-
leeia angustata in China for a long period of time
(Zhang et al. 2016). (2) Wide distribution and
similar habitats. Both species are widely distributed
and occur in large numbers on macroalgae.
Notably, Barleeia angustata is common in Japan
with a wide distribution from Hokkaido to Kyushu,
thriving in large numbers on intertidal vegetation
(Tsuyoshi Takano, personal communication). Similarly,
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Barleeia dunedini has an extensive distribution from
the northern temperate region to the tropical
region of China (Figure 9B), and is also found in
large numbers on intertidal vegetation. Furthermore,
Barleeia dunedini has been found in considerable
numbers in the east of Jeju Island (Figure 1K),
South Korea, which is geographically close to
Japan. (3) Lack of molecular studies. Japanese mala-
cologists have not yet molecularly confirmed
whether the morphotypes of Barleeia angustata
should be assigned to a single species or if they
comprise presumed cryptic species (Tsuyoshi
Takano, personal communication). (4) The impact of
the last glacial maximum (LGM) on sea level
During the LGM (only 20 kya), sea level was approxi-
mately 140 m lower than today, closely connecting
the China coast (temperate part) to the Japanese
archipelago (Andersen et al. 2022). Thus, the Japa-
nese taxa must be considered, necessitating the
inclusion of topotype specimens of both taxa, or at
least specimens collected from the nearby localities
in Japan. In the past, Chinese taxa have been con-
sidered conspecific with Japanese species based
solely on morphological similarity and proximity of
locality. However, considering the large size of Bar-
leeia dunedini (Figure 10A,D), molecular evidence, as
well as morphological similarity with Rissoina dune-
dini, which originates from the same area and also
has a large population (Grabau and King 1928;
Zhao et al. 1982), it is removed from the synonymy
of Barleeia angustata to be considered a distinct
species, Barleeia dunedini.

Barleeia gilu n. sp. is a rare and enigmatic species,
with no previously named species that definitely corre-
sponds to it. It can be readily distinguished from Bar-
leeia/Ansola species in surrounding areas by its
obviously grooved sutures, rounded periphery and
pale-yellow shell colour. It di ers from Barleeia
simplex in the depth of its habitat and significantly
from Barleeia angustata in terms of molecular evidence
and morphology (Figure 3). It does not have the dis-
tinctive notch of Ansola labiosa at the lower parietal,
and is significantly di erent from Barleeia angulosa in
size and aperture shape. With its sharp apex, sutural
channelling and medium size, it can be well di eren-
tiated from Barleeia annamitica and Barleeia dunedini.
Choe and Park (1993) found a barleeiid in Jeju Island
and provided poor illustrations which they named Bar-
leeia trifasciata (Figure 10G), and which is somewhat
similar to Barleeia gilu n. sp. in shell morphology.
However, the morphological characteristics of Barleeia
gilu n. sp. (spiral bands, periphery, sutural channelling)
di er markedly from the original description of Barleeia
trifasciata (Habe 1960). Barleeia gilu n. sp. has been col-
lected only from April-July, and subsequent extensive
samplings (covering previous localities) have found
no individuals since April, 2019. More comprehensive

sample collection and study may be needed in
China, Japan and South Korea in the future to fully
resolve the status of Barleeia species in that region.

The predicted distribution

Macroalgae growing on rocks are essential for the
habitat and survival of barleeiids (Myers and Southgate
1980; Southgate 1982; Ponder 1983; Gama-Kwick et al.
2021). China boasts a rich diversity of macroalgal
species, including some with complex structures such
as coralline algae and Sargassum thunbergii, which
are widely distributed in China (Zhang 2002; Lei et al.
2019). China’s extensive coastline can be classified
into two main types: bed-rock embayed coast and
plains coast (Wang 1980, 2002; Zeng 1985; lJiang
et al. 2020). The bed-rock embayed coast provides a
stable environment for macroalgae, making it suitable
for barleeiids, while plains coasts, including silty mud
flats and sandy coasts, are not suitable for barleeiids
due to the absence of macroalgae and the unstable
substrates (Wang 1980; Chen 1989; Wang and Zhu
1990, 1994; Zhang and Lin 1996; Zhang 2002). For
instance, the estuary deltas of large rivers (e.g. the
Yellow River Delta and the Yangtze River Delta), mud
flats or sandy coasts in Jiangsu and west Taiwan
Island (Zeng 1985; Wang and Zhu 1994; Liu 1995; Lin
1996), some mud bays near the estuaries in Liaoning
and the southeastern coast of China, and biogenic
coasts formed by mangroves (Wang 1980; Wang and
Zhu 1990) do not support the survival of barleeiids.
As a result, bed-rock embayed coasts, estuary deltas
of large rivers, and large mud flats were considered
the most important factors influencing the distribution
of barleeiids in China. Coral reefs also harbour diverse
macroalgae, and coralline algae play a crucial role in
the coral reef ecosystem (Zou et al. 1979; Lei et al.
2012). Certain coralline algae species, such as those
from the genus Jania J.V. Lamouroux, 1812, may
provide suitable environments for barleeiids within
coral reefs (Zou et al. 1979; Qiu 1985). In this study, a
substantial number of Barleeia dunedini was found in
the macroalgae on Linchang reef, an o shore reef
located northwest of Hainan Island. Therefore, coral
reef areas o the coast of Hainan Island, Taiwan
Island, etc. were also taken into consideration (Liu
1995; Hsu et al. 2007; Dai 2010; Wu et al. 2015;
Zhang et al. 2016; Zhang et al. 2020). The vast
number of reefs and atolls in the South China Sea
were not included in the scope of this paper. Addition-
ally, ocean currents (Figure 9D), such as the Kuroshio
Current and various coastal currents (Wu 1991; Liu
2013; Jiang et al. 2020) may also play a significant
role in drifting and spreading of barleeiids in China’s
seas (Hays 2017). Considering all the factors mentioned
above, and taking into account the areas where each
barleeiid was found, a preliminary predicted



distribution pattern of the three species of Barleeia is
presented in Figure 9.

Barleeia annamitica was recorded in China for the
first time, and its distribution extends from what was
previously thought to be limited to Vietnam, to the
area near the estuary of the Yangtze River. Barleeia
dunedini is probably the most widely distributed and
common Barleeia in China, while Barleeia gilu n. sp.
appears to be the most narrowly distributed and
rarest member of the genus in China. Judging from
their protoconch, the three species are all direct-devel-
opers (Ponder 1983). Generally, benthic marine invert-
ebrates with direct development have a limited ability
to achieve a wide geographic distribution (Jackson
1986; Scheltema 1989). However, small adults or juven-
iles of Barleeia can drift attached to floating algae or
e ectively in the water column using mucous
threads (Martel and Chia 1991). It remains puzzling,
however, that Barleeia gilu n. sp. does not seem to
exhibit a wider distribution. Therefore, for its distri-
bution, we have only connected the coastal areas of
its two known sites, namely the eastern Shandong
Peninsula (Figure 9C).

The Changjiang (Yangtze River) Diluted Water
(CDW) acts as a natural barrier to the dispersal of
some marine organisms (Kong et al. 2007; Cheang
et al. 2010), and its barrier e ect seems to have acted
on a recent timescale (presumably after the LGM) (Ni
et al. 2017). Barleeia annamitica has not been found
o the northern coast of China (Shandong), suggesting
that the known distribution of Barleeia annamitica may
be influenced by the barrier e ect of the CDW, as it
may not easily cross the CDW from south to north. In
addition, the Z1 sampling site is located close to the
southern area of the Yangtze estuary (Figure 1), but
no specimens were collected north of the Yangtze
estuary. An important reason is that a large area of
the intertidal zone (the coast of Jiangsu) on the
north side of the Yangtze River is a sedimentary
coast with a mud substratum (Wang and Zhu 1990,
1994; Zhu et al. 2008), which is not a suitable environ-
ment for Barleeia spp. (Southgate 1982; Gama-Kwick
et al. 2021). Interestingly, there are no obvious K2P
pairwise distances (0.46%) between Barleeia dunedini
from Hainan and Shandong. The CDW and the exten-
sive coast, north of the Yangtze River Estuary domi-
nated by mud substratum, does not seem to a ect
the dispersal of Barleeia dunedini. However, Barleeia
dunedini from Zhejiang, which is geographically
closer to Shandong than Hainan, shows a considerable
mean genetic distance from Shandong (about 3.4%).
Unintentional introduction via ballast water is known
to be one of the dominant invasion vectors assisting
invasive species, some of which may establish locally
reproducing populations (Leppékoski et al. 2002).
Perhaps Barleeia dunedini found in Hainan may have
arrived through anthropogenic reasons, such as
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ship’s ballast water. However, if it is native to Hainan,
then Barleeia dunedini is the most widely distributed
Barleeia in China. These phenomena warrant further
investigation involving a wider range of samples and
more molecular sequences for a comprehensive
understanding.
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