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REVIEW OF THE GENUS PSEUDIBERUS ANCEY, 1887
(EUPULMONATA: CAMAENIDAE) IN SHANDONG PROVINCE, CHINA
Guoyi Zhang1, Min Wu2*, Frank Köhler3 & Tengteng Liu1*
ABSTRACT
The genus Pseudiberus Ancey, 1887, in Shandong, China, distributed in the mid to the south
mountainous areas of the province, represents the largest terrestrial mollusks in this region.
By molecular phylogenetic inference and genetic distance comparison based on ITS2 + 16S
sequences, P. tectumsinense tectumsinense (Martens, 1873), P. tectumsinense zenonis
(Gredler, 1882), P. tectumsinense anderssoni (Odhner, 1925) and P. tectumsinense depressus (Yen, 1935), are confirmed to be subspecies under P. tectumsinense (Martens, 1873).
Pseudiberus tectumsinense pingi, new subspecies, is proposed to be new based on shell
morphology, anatomy, and evidence of molecular phylogeny. Pseudiberus futtereri (Andreae,
1900) is removed from the species list of Shandongese Pseudiberus. The proximal accessory
sac, observed in all the anatomically known Pseudiberus from Shandong, is described for the
first time in dart sac apparatus from the bradybaenine snails. The variations and patterns of the
proximal accessory sac among Pseudiberus tectumsinense subspecies and P. chentingensis
distributed east to the Taihangshan Mountain Chain are examined. The close relationship
among Shandong’s Pseudiberus might be indicative of their rather recent evolutionary divergence, which was possibly driven by allopatric isolation of populations confined to refugial
habitats like isolated mountain tops surrounded by extensive flood plains.
Key words: Bradybaeninae, Camaenidae, Pseudiberus, morphometrics, molecular phylogenetics, Shandong, Taihangshan Mountain Chain.

Introduction

so far and only very few studies have been published after Yen’s (1935) work, essentially just
species lists. In this work, we reconsider and
revise the taxonomic rank of five known species
and subspecies of Pseudiberus and describe
one new subspecies from this province. We
employ both geometric morphometrics of shell
parameters, comparative anatomy, and molecular phylogenetics to resolve the systematic
relationships among these Pseudiberus members. In addition, we find a novel anatomical
structure in the dart apparatus whose possible
function is discussed.

The camaenid genus Pseudiberus Ancey,
1887, contains 40 species and subspecies,
most of them endemic to China except for P.
plectotropis (Martens, 1864), which is known
also to occur in Kyrgyzstan, southern Kazakhstan and Russia (Wu, 2002; Wu & Qi, 2006;
Kantor et al., 2009; Wu & Asami, 2017) and
P. chitralensis (Odhner, 1963), which occurs
in Pakistan (Odhner, 1963). Wu & Qi (2006)
synonymized Platypetasus Pilsbry, 1895, and
transferred all its 22 species and subspecies
to Pseudiberus as these two genera cannot
be distinguished anatomically or conchologically.
The genera Pseudiberus and Cathaica Möllendorff, 1884, represent a significant component of the terrestrial malaco-diversity of xeric
environments, which also comprise large parts
of Shandong. However, the terrestrial malacofauna of Shandong has received little attention

MATERIALS AND METHODS
General Treatments
Living mature snails were relaxed in 5%
ethanol for about 6 hours prior to fixation and
preservation in 75% ethanol. And pieces of foot
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FIG. 1. Landmarks (red dots) and semi-landmarks (green dots) on a shell of Pseudiberus
snail in aperture view. Series numbers of semi-landmarks are not shown.

issue were preserved in 95% ethanol. Photographs of shells and genitalia were taken with
a Canon EOS 650D camera with macro lens
or a stereo microscope (Leica S6D). For our
geometric morphometric examinations (GM),
we ensured that shells were photographed
consistently at an angle perpendicular to the
axis of coiling. Shell and genitalia were measured to the nearest 0.1 mm using vernier
calipers, or by taking measurements from
photographs, respectively. Whorl number was
recorded precise to 0.125 whorls as described
by Kerney & Cameron (1979). Measurements
of anatomical details and the body color were
taken from fixed specimens fixed in 75% ethanol. All characters were coded and entered into
DELTA 1.02 (Dallwitz, 1980), which was used
to produce drafts of taxonomic descriptions.
The directions used in the descriptions are as
follows: proximal = towards the genital atrium;
distal = away from the genital atrium.
Geometric Morphometrics
We recorded and analyzed shell morphological variations by using the tps series software
including tpsUtil32 (Rohlf, 2004), tpsDig32
(Rohlf, 2005), MorphoJ version 1.07a (Klingenberg, 2011) employing the GM methods based
on landmarks and semi-landmarks on the contour of the shell in apertural view (Schilthuizen
et al., 2012). Landmarks and semi-landmarks
were designated as follows: LM1, the columella
insertion; LM2, the right edge of the carina on
the penultimate whorl; LM3, the right edge of

carina on the whorl before the penultimate
whorl; LM4, shell apex (embryonic shell); LM5,
the left edge of the carina on the whorl before
the penultimate whorl; LM6, the left edge of the
carina on the body whorl; LM7, the intersection
of the peristome and the contour of the body
whorl; LM8, the edge of the carina on body
whorl/peristome; LMs 9–36, semi-landmarks
on the outline between LM6 and LM7 by length,
LMs 37–72, semi-landmarks on the contour
of the aperture by length, from LM1 via LM 8
to LM2 (Fig. 1). The landmarks and the semilandmarks were treated indiscriminately. A total
of 138 shells entered the GM analysis, including 57 of P. tectumsinense anderssoni (SDNU.
Gas.0164.01.01–29, SDNU.Gas.0165.01.01–
16, SDNU.Gas.0166.01.01–13; SDNU – the
Zoological Collection, Shandong Normal University, Jinan, China), 45 of P. tectumsinense
tectumsinense (SDNU.Gas.0190.01.01–45),
14 of P. tectumsinense zenonis (SDNU.
Gas.0001.01.01, SDNU.Gas.0201.01.01–04,
SDNU.Gas.0046.01.01–09), 17 of P. tectumsinense depressus (SDNU.Gas.0198.01.01–
17) and 5 of P. tectumsinense pingi Zhang
& Wu, new subspecies (holotype and paratypes).
DNA Preparation & PCR
Whole genomic DNA (for SDNU specimens)
was extracted from a piece of the foot muscle
following the instructions of the manual (Tiangen DP316). The primers for polymerase chain
reactions are listed in Table 1. PCRs were
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TABLE 1. Information of primers used in this study.
Gene

Primer

Primer pairs (5’-3’)

16S

16Sar
16Sbr
16S_R
16S 437F

CGCCTGTTTATCAAAAACAT
CCGGTCTGAACTCAGATCACGT
CCGGTCTGAACTCAGATCACG
CRNCTGTTTANCAAAAACAT

Palumbi et al., 1991
Palumbi et al., 1991
Klussmann-Kolb et al., 2008
Dayrat et al., 2011

ITS

ITS-4
18d
lsITS2f
cl5.8r
lscl-comb

TCCTCCGCTTATTGATATGC
CACACCGCCCGTCGCTACTACCGATTG
GGTGGATCACTCGGCTCGTGCG
GCGTTCAAGATGTCGATGTTCAATG
GGCATAATGAGCGCTGCTGAGAAT

Innis et al., 1990
Hillis & Dixon, 1991
Kameda et al., 2007
Kameda et al., 2007
The present study

ITS2

LSU-1
LSU-3

CTAGCTGCGAGAATTAATGTGA
ACTTTCCCTCACGGTACTTG

Wade & Mordan, 2000
Wade & Mordan, 2000

conducted in volumes of 25 μL each containing
12.5 μL of cwbio 2× Es Taq MasterMix Dye, 9.5
μL of ddH2O, 1 μL of template DNA and each
1 μL of PCR primers (10 μM). Reactions were
performed in a SimpliAmpTM Thermal Cycler
using the following thermal cycling profile:
Initial denaturation for 30 s at 94°C, 40 cycles
of each 10 s at 94°C, 50 s at 45°C and 50 s
at 72°C, and a final extension at 72°C for 10
min (for 16Sar and 16Sbr) and 2 min at 94°C
followed by 30 cycles of each 30 s at 94°C, 30
s at 50°C and 90 s at 72°C with a final extension step at 72°C for 2 min (for ITS-4 and 18d).
Whole genomic DNA (for HBUMM specimens)
was extracted using the Animal Genome Quick
Extraction Kit (B518221, Sangon Biotech). A
partial fragment of the 16S rRNA gene was
amplified using the primer pair 16S_R/16S
437F (Table 1). Reactions were performed in
50 μL volumes containing 5 μL 10× reaction
buffer containing 25 mM MgCl2, 10 mM of
each dNTP, 1 μL of Taq polymerase (5 U/μL),
1 μL of 10–100 ng template DNA and ddH2O.
The conditions for thermal cycling, performed
on a Eastwin ETC811, were 4 min at 94°C
followed by 20 cycles of each 20 s at 94°C,
20 s at 58°C and 40 s at 72°C, 20 cycles of
each 20 s at 94°C, 20 s at 55°C and 40 s at
72°C, and a final extension step at 72°C for 10
min. A partial fragment of the ITS2 gene was
amplified using the primer pair LSU-1/ LSU3 (Table 1). Reactions are the same as the
primer pair 16S_R/16S 437F. The conditions
for thermal cycling, performed on a Eastwin
ETC811, was 2 min at 94°C for predenaturing,

References

35 circles of 30 s at 94°C, 30 s at 58°C and
60 s at 72°C. PCR amplicons were inspected
on a 1% agarose gel for quality and fragment
size, then were purified, and sequenced on an
automated sequencer.
Phylogenetic Analyses
The following samples were used as outgroup to root the phylogenetic trees: Cathaica
fasciola pyrrhozona (Philippi, 1847) (registered
DNA voucher no. SDNU.Gas.0197.01.01, coll.
G. Zhang), C. f. fasciola (Draparnaud, 1801)
from Baoding, Hebei Province, China, (DNA
voucher no. HBUMM05169 coll. M. Wu) and
from Qingdao, Shandong Province (DNA
voucher no. HBUMM05368, coll. M. Wu & Q.
Wu) and Bradybaena brevispira (H. Adams,
1870) from Guixing, Guangan, Sichuan Province (DNA voucher no. HBUMM05112, coll. M.
Wu) (Table 3).
Sequence chromatographs were examined
by eye and sequence contigs were built in
Sequencher 4.5. Sequence alignments were
produced using MAFFT 7.0 (Nakamura et al.,
2018). We used Gblocks 0.91b (Castresana,
2000) to remove ambiguously aligned segments of the multiple sequence alignments
of ITS2 and 16S using default parameters.
After removal of ambiguously aligned portions,
ITS2 section 569 bp (32% of the original 1737
positions) and 16S section 439 bp (92% of the
original 477 positions) alignment positions were
retained for the final phylogenetic analyses.
The best-fit model of sequence evolution was
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TABLE 2. Shell measurements and calculations. Values indicated by range and mean ± standard
deviation.
P. t. pingi
Zhang & Wu,
new subspecies
(n = 6)

Pseudiberus
tectumsinense
anderssoni
(n = 5)

P. t.
depressus
(n = 5)

4.625–5.250
5.00±0.250
1.625–2.125
1.83±0.190

4.750–5.250
4.93±0.243
1.625–1.875
1.75±0.088

6.3–8.7
7.4±1.21

7.5–8.4
7.9±0.43

9.1–10.8
9.7±0.75

9.8–14.0
11.9±1.87

5.7–10.3
7.5±1.63

Shell breadth (mm)

16.5–19.2
18.3±1.04

16.7–20.0
18.2±1.35

18.6–21.0
19.5±1.07

20.7–22.6
21.5±0.79

15.6–18.4
17.0±1.04

Ratio of shell height/
shell breadth

0.34–0.52
0.41±0.080

0.38–0.49
0.44±0.039

0.45–0.57
0.50±0.055

0.46–0.67
0.55±0.088

0.36–0.56
0.44±0.072

Aperture height (mm)

4.6–7.2
5.9±1.22

5.2–8.4
7.1±1.23

5.3–9.8
7.6±1.66

7.6–9.0
8.4±0.60

5.7–8.1
7.0±0.93

Aperture breadth (mm)

7.8–10.4
9.2±1.03

8.0–10.9
9.4±1.08

9.8–12.1
10.6±1.07

12.2–15.0
13.2±0.72

7.3–10.2
9.4±1.05

Umbilicus breadth (mm)

1.9–2.9
2.6±0.37

2.1–3.4
2.9±0.60

1.3–1.8
1.5±0.26

1.5–3.1
2.3±0.63

1.5–2.7
2.2±0.47

0.10–0.16
0.14±0.024

0.12–0.19
0.16±0.026

0.07–0.09
0.07±0.009

0.07–0.14
0.11±0.027

0.09–0.17
0.13±0.028

Species
Whorls
Embryonic shell whorls
Shell height (mm)

Ratio of umbilicus breadth/
shell breadth

selected by using jModelTest 2.1.10. (Darriba
et al., 2012) and BIC analysis was used. We
performed Maximum Likelihood analyses using
and RAxML version 8 (Stamatakis, 2014) and
raxmlGUI v. 2.0 (Silvestro & Michalak, 2012;
Edler et al., 2019), applying the GTRGAMMA
model and reps 1,000 with calculating branch
length independently. Bayesian inference was
performed using MrBayes version 3.2.5 (Ronquist et al., 2012), running 2,000,000 generations, with chain number 4, samplefreq 100,
statefreqpr dirichlet (1,1,1,1), burnin = 5,000.
The p-distance was calculated by MEGA X
(Kumar et al., 2018). Transitions + Transversions were selected in Substitutions to Include,
the same pattern among lineages and uniform
rates among sites were selected. Gaps/ Missing data treatment is pairwise deleted.
Delimitation of Taxa
Our operational criterion for the delimitation
of the taxon has been to test whether candidate

P. t.
tectumsinense
(n = 4)

P. t.
zenonis
(n = 5)

4.750–5.375 5.375–5.750
5.16±0.277 5.60±0.137
1.375–1.875 1.375–2.125
1.66±0.213 1.78±0.271

4.625–4.750
4.71±0.065
1.500–1.750
1.65±0.122

taxon was phenotypically, genotypically and
geographically distinct from each other (Hong,
2016). Candidate species were delineated
based on the current taxonomic treatment.
They were considered to represent distinct species, if they formed well-supported (in terms of
nodal support) and well-differentiated (in terms
of branch lengths) clades in the phylogenetic
tree. In addition, species are recognized only
if they differed from each other in at least one
morphological feature deemed not to be polymorphic or ecophenotypic and without exhibiting intermediate forms. Thus, we have been
following a conservative approach in species
delimitation that would not recognize morphologically cryptic or phylogenetically young species that share ancestral polymorphisms.
Abbreviations
AS – accessory sac, a sac both inserted by
mucous glands and opening into the chamber
containing the love dart or opening into dart sac

120.349°E
115.523°E
106.860°E
118.454°E
118.454°E
118.203°E
118.203°E
117.721°E
116.941°E
116.941°E

HBUMM05368-3
HBUMM 05169-2

HBUMM05112-2

SDNU.Gas.0196.01.02
SDNU.Gas.0196.01.01

SDNU.Gas.0198.01.01
SDNU.Gas.0198.01.02

SDNU.Gas.0009.01.01

Bradybaena brevispira
(H. Adams, 1870)*

Pseudiberus tectumsinense
anderssoni (Odhner, 1925)

P. t. depressus
(Yen, 1935)

P. t. pingi
Zhang & Wu, new subspecies SDNU.Gas.0193.02.02

SDNU.Gas.0195.01.02
SDNU.Gas.0195.01.03

C. fasciola fasciola
(Draparnaud, 1801)*

P. t. tectumsinense
(E. Martens, 1873)

P. t. zenonis (Gredler, 1882)

117.236°E

117.120°E

SDNU.Gas.0197.01.01

Cathaica fasciola pyrrhozona
(Philippi, 1847)*

Longitude

Voucher

Species

36.553°N

36.445°N
36.445°N

34.984°N

36.507°N
36.507°N

36.642°N
36.642°N

30.406°N

36.067°N
38.876°N

36.327°N

Latitude

Coordinates

TABLE 3. Information on specimens for molecular studies, *outgroup species.

Altitude

389

389
389

521

588
588

357
357

579

20
150

676

Oct. 1, 2017

May 6, 2018
May 6, 2018

April, 30, 2018

May 13, 2018
May 13, 2018

April 7, 2018
April 7, 2018

July 11, 2004

Oct. 17, 2006
Sept. 24, 2006

May 1, 2018

m. a.s.l. Collecting time

MK775729

MK775727
MK775728

MK775726

MK775724
MK775725

MK775722
MK775723

MK775730

MK775731
MK775732

MK775721

MK778466

MK778464
MK778465

MK778463

MK778461
MK778462

MK778459
MK778460

--

---

MK778458

ITS

--

ITS2

--

---

--

---

---

MK775364

MK775365
MK775366

Genbank Accession No.
16S
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chamber; a.s.l. – above sea level; At – atrium;
B – shell breadth, shell major diameter; BC –
bursa copulatrix; BCD – bursa copulatrix duct;
BMNH – British Museum of Natural History,
London; DS – dart sac; DSC – dart sac chamber; Dt – love dart; DtC – a chamber containing
love dart; DVM – membranous sac surrounding
dart sac and/or distal region of vagina near
atrium; fma – fully mature animal(s); FO – free
oviduct; H – shell height; HBUMM – mollusk
collection of Museum of Hebei University,
Hebei, China; MG – mucous glands; MGE
– entrance(s) of mucous glands; P – penis;
PAS – proximal accessory sac, a blind sac on
proximal dart sac and opening into dart sac
chamber or not; PO – opening of proximal accessory sac leading to dart sac chamber; PR
– penial retractor muscle; PS – penis sheath;
SD – Shandong Province; SDNU – the Zoological Collection, Shandong Normal University,
Jinan, China; SMF – Forschungsinstitut und
Naturmuseum Senckenberg, Frankfurt; THZ –
zoological collections of Tianjin Hoang-Paiho
Museum; TMC – Taihangshan Mountain Chain;
Va – vagina; VD – vas deferens; Wh – whorl
number.
RESULTS
Comparative Analyses of Shell Morphology
All Shandongese Pseudiberus share most
of the discrete conchological characters. The
extremely depressed and lens-shaped dextral
shell has very sharp carina. The whorls are
rather flat. The suture is not concave. The
umbilicus is narrowly open. The columella is
curved marginally expanded and reflexed at
base. The protoconch is finely granulated. The
toothless aperture is peach-shaped with inner
ring-like thickening. The expanded peristome
is not continuous and thin.
By principal component analysis, two major
relative warps were extracted. The first and the
second relative warps respectively explains
38.916% (PC1) and 22.904% (PC2) of the total
shape variations (Fig. 32). Pseudiberus tectumsinense tectumsinense + P. tectumsinense
zenonis and the remaining three subspecies
form two groups each shows similarity in shell
shape. By Canonical Variate Analysis [two major relative warps explain 45.147% (CV1) and
34.078% (CV2) of the total shape variations],
all Shandongese Pseudiberus members can
be clearly separated (Fig. 33).

Besides general shell shape, Pseudiberus
tectumsinense anderssoni (Fig. 19) and P.
t. zenonis (Figs. 18, 21) are close in having
distinct growth lines and spiral lirae, having
periostracal scales and 2 bands. Pseudiberus
t. depressus is similar to but differs from them
in the absence of spiral lirae and having 1 or 2
bands, and in the body whorl that is descending
in front (Fig. 20). Pseudiberus tectumsinense pingi Zhang & Wu, new subspecies, is
close to them but with aperture covering half
umbilicus and bandless (Fig. 3). Pseudiberus
t. tectumsinense (Figs. 4, 5) can be separated
from the rest Shandongese Pseudiberus by the
extremely expanded carina, the straight terminal body whorl and the ribbed surface where
the growth lines and spiral lirae are absent and
has no or 2 bands.
Comparative Reproductive Anatomy
All subspecies, in general, are consistent in
the morphology of genital system. They have
no membranous sac surrounding terminal
genitalia. In male part, the penis sheath and
the externally simple penis are short. Inside
penis, the pilasters split into numerous fine
interlocked pilasters forming a regular pattern.
The Penis-epiphallus chamber, epiphallic papillae, and epiphallic flagellum are absent. The
vas deferens is slightly thickened near penial
retractor. In female part, the mucous gland is
complexly branched and approximately equal
in length to dart sac, each branch with one
common peduncle inserting into dart sac and
the mucous gland insertion papilla absent. The
vaginal region between dart sac and atrium is
short. The dart sac containing a single dart.
The accessory sac is externally invisible. Each
side of dart sac has a proximal accessory sac
near the atrium. The poly-layered structure in
dart sac apparatus is absent.
Shandongese Pseudiberus are varied in the
numbers of the mucous glands and the numbers and/or thickness of the proximal penial
pilasters. Pseudiberus tectumsinense tectumsinense, P. t. zenonis and P. t. anderssoni has
4 branches of mucous glands (Figs. 7, 22, 26)
and 3 penial pilasters inside penis (Figs. 9–11).
Inside penis of P. t. tectumsinense (Fig. 9) and
P. t. anderssoni (Fig. 11), two thinner and one
thicker pilasters are observed. Penial pilasters
of P. t. zenonis are equally developed (Fig. 10).
The penial pilasters of P. t. depressus (Fig. 12)
are similar to those of P. t. anderssoni (Fig. 11),
but the mucous glands in the formal subspecies

8
9
10

MK775724
MK778461
MK775725
MK778462

MK775726
MK778463

MK775727
MK778464
MK775728
MK778465

MK775729
MK778466

MK775730
MK775364

MK775721
MK778458

MK775732
MK775366
MK775731
MK775365

P. t. pingi Zhang & Wu,
new subspecies

P. t. tectumsinense

P. t. zenonis

Bradybaena brevispira

Cathaica fasciola
pyrrhozona

C. fasciola fasciola

0.021

7

0.139
0.136

11
12

0.141

0.163

0.024

0.021

6

0.017

0.022

4
5

0.019

3

0.005

2

P. t. depressus

–

1

1

MK775722
MK778459
MK775723
MK778460

GenBank No. ID

Pseudiberus tectumsinense anderssoni

Species

0.139

0.141

0.144

0.166

0.030

0.023

0.023

0.022

0.027

0.024

–

2

0.135

0.138

0.138

0.165

0.008

0.010

0.010

0.017

0.003

–

3

0.135

0.138

0.138

0.165

0.010

0.013

0.013

0.019

–

4

0.135

0.138

0.141

0.162

0.023

0.019

0.019

–

5

0.13

0.132

0.135

0.162

0.015

0.000

–

6

0.130

0.132

0.135

0.162

0.015

–

7

TABLE 4. Genetic distances in partial 16S and ITS2 sequences among Pseudiberus and outgroup species.

0.131

0.134

0.132

0.167

–

8

0.138

0.139

0.141

–

9

0.035

0.037

–

10

0.003

–

11

–

12

PSEUDIBERUS IN SHANDONG
263

264

ZHANG ET AL.

FIG. 2. Distribution of Pseudiberus spp. east to Taihangshan Mountain Chain.

are 5 (Fig. 30) rather than 4 in the latter subspecies (Fig. 26). In P. tectumsinense pingi, new
subspecies, the penis has 4 internal pilasters
(Fig. 8) in which one is thickened and the
mucous glands have three branches (Fig. 31),
the fewest in Shandongese Pseudiberus spp.
External shape of penis of P. tectumsinense
pingi, new subspecies (Fig. 31) is similar to
that of P. t. anderssoni (Fig. 26) in expanding
in the middle, compared to that in P. t. zenonis
(Fig. 22) the penis is expanded more distally
near penis retractor muscle. In P. t. tectumsinense (Fig. 7) and P. t. depressus (Fig. 30), the
penis is evenly expanded. The notable difference among the examined Pseudiberus is the
proximal accessory sacs that occur always in
pairs but may differ in relative size and in the
situation the proximal accessory sac opens
into the dart sac or not (Figs. 13–15). In P. t.
zenonis and P. t. tectumsinense, the proximal
accessory sacs are of equal size/equally
developed (Figs. 13, 34). In the remaining
three subspecies the proximal accessory sacs
are unequally developed (Figs. 14, 15, 34).
All subspecies excluding P. tectumsinense
pingi, new subspecies (Figs. 15, 34), has the
proximal accessory sacs each with an opening
leading to the dart sac (Figs. 13, 14, 34).
In addition, P. tectumsinense anderssoni
has a distinguishably relatively longer bursa
copulatrix duct than that in P. tectumsinense
depressus (Figs. 26, 30).

Molecular Phylogenetic Analyses
Our final molecular dataset contained twelve
partial 16S and ITS2 sequences. After eliminating poorly aligned positions and divergent
regions of the alignment (especially occurred
in the 16S regions), a combined matrix of
12×1008 bp was used for the subsequent
analyses. The substitution saturation assessment was made by DAMBE 7.0 (Xia, 2018)
using the methods introduced by Xia et al.
(2003) and Xia & Lemey (2009) (p = 0.0000,
Iss = 0.1556, Iss.c = 0.7667). The model “GTR
+ G” was chosen as the best nucleotide substitution model for 16S (lnL = -1477.0724, K =
31, BIC = 3142.7642) and “HKY” was chosen
as the best substitution model for ITS2 (lnL =
-1195.9915, K = 26, BIC = 2556.9239). The
phylograms produced by the Maximum Likelihood Inference and by the Bayesian Inference
(Fig. 34) are topologically identical. The nodes
refer to the percentage bootstrap support of
1,000 replicates based on the BI, ML and NJ
methods. The score of BI lower than 0.7, the
score of ML lower than 70 were omitted on the
phylogram (Fig. 34).
All the studied P. tectumsinense subspp. are
included in a highly supported clade. Within
the Pseudiberus clade, P. tectumsinense tectumsinense is the situated at the most basal
position, and all the remaining Pseudiberus tectumsinense subspecies form two clades: one

PSEUDIBERUS IN SHANDONG
is composed of P. tectumsinense anderssoni
and P. tectumsinense pingi, new subspecies,
and another one is composed of P. tectumsinense depressus and P. tectumsinense zenonis
(Fig. 34).
The genetic distances in ITS2 among the
Pseudiberus sequences were generally negligible (maximally 0.35%, on average 0.17%)
with no discernable distinction within and
among subspecies. Uncorrected pairwise distances in 16S were below 1% for conspecific
sequences (only 3 sequence pairs available)
and between 1.8 and 6% for sequences (median: 4.6%) from different subspecies. The lowest
interspecific distances were observed between
P. tectumsinense depressus, P. tectumsinense
zenonis, and P. tectumsinense tectumsinense
(1.8–3.5%), the highest between P. tectumsinense anderssoni and the above-mentioned
three subspecies (4.3–5.8%).
SYSTEMATICS
Helicoidea Rafinesque, 1815
Camaenidae Pilsbry, 1895
Bradybaeninae Pilsbry, 1934
Pseudiberus Ancey, 1887
Pseudiberus Ancey, 1887: 167; Wu & Qi, 2006:
24–30; Schileyko, 2004: 1687.
Type species: Helix tectumsinense Martens,
1873, by subsequent designation of Pilsbry,
1895: 207.
Platypetasus Pilsbry, 1895: 207; Schileyko,
2004: 1686.
Type species: Helix innominata Heude, 1885,
by original designation.
Pseudiberus tectumsinense tectumsinense
(Martens, 1873)
Figs. 2, 4, 5, 7, 9, 13, 16, 17, 32–34;
Tables 2–4
Helix tectumsinense Martens, 1873: 67–68
(‘Kalkberge unweit Tsi-Nam-Fu, …, Shantong
Provinz’ = limestone hills near Jinan, Shandong Province); Pfeiffer, 1881: 603–604, pl.
175, figs. 17–19; Gredler, 1882b: 172.
Helix (Pseudiberus) tectumsinense – Tryon,
1888: 59, pl. 12, fig. 2.
Helix (Cathaica) tectumsinense – Kobelt, 1894:
714–715, pl. 203, figs. 4–5.
Eulota (Pseudiberus) tectumsinense – Pilsbry,
1895: 207.
Platypetasus tectumsinense – Yen, 1939: 144,
pl. 14, fig. 73; Yen, 1943: 281.
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Cathaica (Pseudiberus) tectumsinense –
Gude, 1902a: 8; Gude, 1902b: 55; Thiele,
1931: 692; Odhner, 1963: 153.
Platypetasus (Pseudiberus) tectumsinense –
Richardson, 1983: 88–89.
Pseudiberus (Pseudiberus) tectumsinense
– Zilch, 1959–1960: fig. 2230; Zilch, 1968:
164.
Pseudiberus tectumsinense – Wu & Qi, 2006:
26; Wu & Asami, 2017.
Material Examined
SMF 239098a, syntype. BMNH, A. S. Kennard colln. Acc. No.1824.Liantaishan, Jinan,
SD; SDNU.Gas.0092.01.01, coll. T. Chu, 1
fma. Liantaishan, Jinan, SD; 3 fma, 36.445°N,
116.941°E, 389 m a.s.l., May 6, 2018, coll. G.
Zhang, SDNU.Gas.0195.01.01–0195.01.03.
Liantaishan, Jinan, SD; 45 fma, 36.443°N,
116.935°E, 244 m a.s.l., May 6, 2018, coll. G.
Zhang, registered nos. and DNA voucher nos.
SDNU.Gas.0190.01.01–0190.01.45. Liantaishan, Jinan, SD; 2 fma, 36.445°N, 116.940°E,
390 m a.s.l., May 6, 2018, coll. G. Zhang,
registered nos. and DNA voucher nos. SDNU.
Gas.0187.01.01 and SDNU.Gas.0188.01.01.
SDNU.Gas.0190.01.01–0190.01.45 were used
in GMM analysis. Pseudiberus chentingensis
(Yen, 1935): HBUMM00163, 4 fma, Jiaozuo,
Henan Province, July 22, 1999, coll. G. Chen.
5 specimens were dissected.
Diagnosis
Shell ribbed; without spiral lirae; not banded
or with two reddish brown spiral bands; Wh
4.750–5.375, B 18.6–21.0 mm, H 9.1–10.8
mm. Proximal accessory sacs 2; inserting
proximally into dart sac; equally developed;
each communicating with dart sac chamber
through one pore/duct.
Re-description
Shell: Dextral; extremely depressed, lensshaped, thin but solid. Whorls rather flat.
Suture shallow; usually covered by adjacent
extended carina and invisible. Body whorl
straight in front. Base of shell convex, umbilicus gradually narrowing, narrowly open.
Columella curved, expanded, covering half
of umbilicus. Protoconch finely granulated.
Shell sculpture consisting of thin or thick axial
ribs extending onto edge of carina; no spiral
sculpture nor growth lines. Younger individuals have shells with periostracal scales, which
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are absent in fully mature individuals. Young
shells with sharp carina at periphery, formed
by very thin shell material, hollow (Figs. 4, 5);
abaxially expanded; with saw-toothed edge
or rather smooth. Aperture peach-shaped;
toothless; with inner ring-like thickening.
Peristome thin, not continuous, expanded,
basally reflected. Callus indistinct. Shell dull
brown, carina brownish-white, base of shell
light brown, without spiral bands, or with 2

reddish-brown spiral bands (one just above
and one just underneath periphery).
General anatomy: Head wart between ommatophores presents.
Genitalia: Membranous sac surrounding
terminal genitalia absent. Penis sheath
short. Penis short; evenly thick; externally
simple, with usually 3 penial pilasters near

FIGS. 3–6. Apical, apertural and umbilical views of fully mature shells of Pseudiberus spp. FIG. 3:
Pseudiberus tectumsinense pingi Zhang & Wu, new subspecies, holotype, SDNU.Gas.0193.02.02;
FIG. 4: Pseudiberus t. tectumsinense (Martens, 1873), SDNU.Gas.0195.01.01; FIG. 5: Eulota (Pseudiberus) tectumsinense, BMNH, A. S. Kennard colln. Acc. no.1824; arrows pointing at the broken carina
parts, showing the hollow carina; FIG. 6: Pseudiberus futtereri (Andreae, 1900), SMF9128: Syntype;
Li-tshuan-shien, China; Ex A. Andreae 804.
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FIG. 7. Pseudiberus tectumsinense tectumsinense (Martens, 1873), SDNU.
Gas.0195.01.01. General view of genitalia, both sides. At– atrium; BC – bursa
copulatrix; BCD – bursa copulatrix duct; DS – dart sac; FO – free oviduct; MG –
mucous glands; P – penis; PAS – proximal accessory sac; PR – penial retractor
muscle; PS – penis sheath; Va – vagina; VD – vas deferens.

atrium, 2 thin and 1 thick, the latter splitting
into numerous fine interlocked pilasters
forming a regular pattern. Penis-epiphallus
chamber, papillae, and flagellum absent.
Vas deferens slightly thickened near penial
retractor. Mucous glands four; complexely
branched, about equal in length to dart sac,
with one common peduncle. Vaginal region
between dart sac and atrium short. Proximal
part of dart sac not forming neck-structure.
Dart sac containing a single dart. Accessory
sac absent. Mucous glands insertion papilla
absent. Proximal accessory sacs 2; inserting
proximally into dart sac; equally developed;
each with one entrance leading to dart sac
chamber; internally without pilasters (Fig.

13). Poly-layered structure in dart sac apparatus absent. Measurement (SDNU.
Gas.0195.01.01): DS – 16.1 mm long, 5.3
mm wide; MG – 13.9 mm long; Va – 8.2 mm
long; BC plus BCD – 23.5 mm long; VD –
34.9 mm long; P – 21.5 mm long; PR – 3.7
mm long.
Ecology
Found on mossy cliffs at altitudes between
200 and 490 m.
Distribution
Known only from the type locality.
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FIGS. 8–12. Interior view of penis. FIG. 8: Pseudiberus tectumsinense pingi Zhang & Wu, new
subspecies, holotype, SDNU.Gas.0193.02.02; FIG. 9: Pseudiberus t. tectumsinense (Martens, 1873),
SDNU.Gas.0195.01.01; FIG. 10: Pseudiberus t. zenonis (Gredler, 1882), SDNU.Gas.0009.01.01; FIG.
11: Pseudiberus t. anderssoni (Odhner, 1925), SDNU.Gas.0196.01.01; FIG. 12: Pseudiberus t. depressus (Yen, 1935), SDNU.Gas.0198.01.02. Arrow shows direction of atrium; At – atrium.

FIGS. 13–15. Diagrams of dart apparatus. FIG. 13: Two PAS equally
developed, each with an opening; FIG. 14: Two PAS unequally developed, each with an opening; FIG. 15: Two PAS unequally developed,
with only one opening. DSC – dart sac chamber; Dt – love dart; DtC – a
chamber containing love dart; MGE – entrances of mucous glands;
PAS – proximal accessory sac, a blind sac on proximal dart sac and
opening into dart sac chamber or not; PO – opening of proximal accessory sac leading to dart sac chamber.
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Remarks
Pseudiberus tectumsinense tectumsinense
can readily be distinguished from P. t. anderssoni and P. t. depressus by its shell shape
(see GM analysism, Figs. 32, 33). The strongly
expanded carina in fully mature specimens of
this subspecies produced a unique contour
for the genus, although in some individuals
the carina may not be expanded and then the
shell shape is similar to that of P. t. zenonis.
These was also revealed by the GM analysis
(Figs. 32, 33). However, both subspecies
are considered to be distinct based on their
molecular differentiation. They are not closely
related as revealed in the phylogeny based
on analyses of the partial 16S rRNA and ITS2
genes (Fig. 34). Pseudiberus t. tectumsinense
shares with P. t. zenonis and P. chentingensis
(Yen, 1935) the same structures of proximal
accessory sacs that are equally developed and
each has an opening leading to the dart sac
chamber (Fig. 13).
Pseudiberus (Pseudiberus) tectumsinense
in Chen & Zhang 2004: 284–285, fig. 269 is a
misidentification.
Pseudiberus tectumsinense zenonis
(Gredler, 1882)
Figs. 2, 10, 13, 18, 21–23, 32–34;
Tables 2–4
Helix zenonis Gredler, 1882a: 48; Gredler,
1882b: 172.
Helix (Pseudiberus) zenonis – Tryon, 1888:
59.
Helix (Cathaica) zenonis – Kobelt, 1894:
715–716, pl. 203, figs. 6–8.

269

Eulota (Pseudiberus) zenonis – Pilsbry, 1895:
207.
Platypetasus zenonis – Yen, 1939: 144, pl. 14,
fig. 71; Yen, 1943: 280.
Cathaica (Pseudiberus) zenonis – Andreae,
1900: 5; Gude, 1902a: 8; Odhner, 1963:
152.
Pseudiberus (Pseudiberus) zenonis – Zilch,
1968: 165; Richardson, 1983: 89.
Pseudiberus zenonis – Zilch, 1974: 217; Wu
& Qi, 2006: 26.
Material Examined
SMF23910, Tsi-nan-fu, Shangtung, slg.
Mlldff. Shuangtoushan, Jinan, SD, 14 fma,
36.553°N, 117.236°E, 389 m a.s.l., October
1, 2017, coll. G. Zhang, registered and DNA
voucher nos. SDNU.Gas.0001.01.01, SDNU.
Gas.0004.02.01, SDNU.Gas.0005.01.01–
03, SDNU.Gas.0006.01.01, SDNU.
Gas.0007.01.01, SDNU.Gas.0008.01.01–06,
SDNU.Gas.0009.01.01. Shuangtoushan, Jinan,
SD, 5 fma, 36.551°N, 117.236°E, 513 m a.s.l.,
September 27, 2018, coll. G. Zhang, registered
and DNA voucher nos. SDNU.Gas.0201.01.01–
05. Fohuishan, Jinan, SD, 12 fma, 36.630°N,
117.03°E, 325 m a.s.l., October 3, 2017,
coll. G. Zhang, registered and DNA voucher
nos. SDNU.Gas.0046.01.01–09, SDNU.
Gas.0044.02.01, SDNU.Gas.0045.03.01–02.
Fohuishan, Jinan, SD, 24 fma, October 3,
2017, coll. G. Zhang, registered and DNA
voucher nos. SDNU.Gas.0051.01.01, SDNU.
Gas.0055.01.01, SDNU.Gas.0062.03.01,
SDNU.Gas.0068.01.01–02, SDNU.
Gas.0069.01.01, SDNU.Gas.0070.01.01–
07, SDNU.Gas.0075.02.01. SDNU.

FIGS. 16, 17. Habitats of Pseudiberus tectumsinense tectumsinense (Martens, 1873). Jinan, Shandong
Province.
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Gas.0078.01.01, SDNU.Gas.0089.01.01–11.
Fohuishan, Jinan, SD, 8 fma, May 20, 2018,
coll. G. Zhang, J. Qi, X. Zhao, registered and
DNA voucher nos. SDNU.Gas.0238.04.01,
SDNU.Gas.0243.05.01, SDNU.
Gas.0248.01.01, SDNU.Gas.0249.01.01,
SDNU.Gas.0250.01.01, SDNU.
Gas.0256.03.01, SDNU.Gas.0257.02.01,
SDNU.Gas.0277.03.01. 5 specimens were

dissected. SDNU.Gas.0001.01.01, SDNU.
Gas.0201.01.01–05, SDNU.Gas.0046.01.01–
09 were used in GMM analysis.
Diagnosis
Shell smooth, with irregular, sparsely distributed spiral lirae, with 2 reddish brown spiral
bands; Wh 5.375–5.750, B 20.7–22.6 mm,

FIGS. 18–21. Apical, apertural and umbilical views of fully mature shells of Pseudiberus spp. FIG. 18:
Pseudiberus tectumsinense zenonis (Gredler, 1882), SDNU.Gas.0009.01.01; FIG. 19: Pseudiberus t.
anderssoni (Odhner, 1925), SDNU.Gas.0196.01.01; FIG. 20: Pseudiberus t. depressus (Yen, 1935),
SDNU.Gas.0198.01.02; FIG. 21: Pseudiberus t. zenonis, SMF23910, Tsi-nan-fu, Shangtung.
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FIG. 22. Pseudiberus tectumsinense zenonis (Gredler, 1882), SDNU.Gas.0009.01.01.
General view of genitalia, both sides. At – atrium; BC – bursa copulatrix; BCD – bursa
copulatrix duct; DS – dart sac; FO – free oviduct; MG – mucous glands; P – penis; PAS
– proximal accessory sac, a blind sac on proximal dart sac and opening into dart sac
chamber or not; PR – penial retractor muscle; PS – penis sheath; Va – vagina; VD – vas
deferens.

H 9.8–14.0 mm. Proximal accessory sacs 2;
inserted on proximal dart sac; equally developed; each with one entrance leading to dart
sac chamber.
Re-description
Shell: Dextral; broadly lens-shaped, thin but
solid. Whorls rather flat. Suture shallow.
Body whorl straight near aperture. Base of
shell convex. Umbilicus gradually narrowing,
narrowly open. Columella oblique, expanded,
slightly covering umbilicus. Protoconch
finely granulated. Shell surface smooth, with
distinct growth lines and irregular, sparsely
distributed spiral lirae. Young and adult shells
covered with about 0.2 mm long periostracal
scales. Teleoconch completely and evenly
covered with granules of various length. Body

whorl sharply carinate at periphery. Carina
smooth. Aperture peach-shaped, somewhat
sinuate, toothless, with inner ring-like thickening, expanded. Peristome thin, not continuous, basally reflected. Callus indistinct. Shell
apically light yellowish brown, mixed with
paler areas; dull; with bottom paler; with 2
continuous reddish-brown spiral bands, one
above and one beneath carina.
General anatomy: Wart between ommatophores
unknown.
Genitalia: Membranous sac surrounding terminal genitalia absent. Penis sheath short. Penis short, thick, slightly expanded near penial
retractor, simple externally. Penial wall with
3 pilasters, equal in thickness, splitting into
numerous fine interlocked pilasters forming
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FIGS. 23–25. Habitats of Pseudiberus spp. FIG. 23: Pseudiberus tectumsinense zenonis (Gredler,
1882), Jinan, Shandong Province; FIG. 24: Pseudiberus t. pingi Zhang & Wu, new subspecies,
Zaozhuang, Shandong Province; FIG. 25: The hilltop of Baodugu (Zaozhuang) where the holotype of
P. tectumsinense pingi Zhang & Wu, new subspecies, was collected.

a regular pattern. Penis-epiphallus chamber,
papilla and flagellum absent. Vas deferens
thickened near penial retractor. Mucous
glands four; about equal in length to dart sac,
each with distinct peduncle and complexly
branched. Vaginal region between dart sac
and atrium short. Proximal part of dart sac not
forming neck-structure. Dart sac containing
a single love dart. 7 mm in length; straight;
basally expanded; eye-shaped in cross section. Accessory sac absent. Mucous glands
insertion papilla absent. Proximal accessory
sacs 2; inserted on proximal dart sac; equally
developed; each with one entrance leading
to dart sac chamber; internal pilasters absent
(Fig. 13). Poly-layered structure in dart sac
apparatus absent. Measurement (SDNU.
Gas.0009.01.01): DS – 15.6 mm long, 5.0
mm wide; MG – 12.4 mm long; Va – 7.9 mm
long; BC plus BCD – 30.0 mm long; VD –
31.5 mm long; P – 19.4 mm long; PR – 1.8
mm long.

Ecology
This subspecies lives in disturbed areas,
close to farmland and human residences,
where it can also be found on humid brick
walls, as well as in timber plantations. Shells
are usually coated with mud.
Distribution
Known only from the type locality, Jinan,
Shandong Province.
Remarks
Shell shape variable (Figs. 32, 33); rather
indistinguishable from P. tectumsinense tectumsinense and P. t. anderssoni. Typical are
the narrow red-brown bands and the rounded,
peach-shaped aperture. Individuals of P. t.
anderssoni resemble P. t. zenonis in having
a rather depressed spire and a sometimes
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FIG. 26. Pseudiberus tectumsinense anderssoni (Odhner, 1925), SDNU.Gas.0196.01.01.
General view of genitalia, both sides. At – atrium; BC – bursa copulatrix; BCD – bursa
copulatrix duct; DS – dart sac; FO – free oviduct; MG – mucous glands; P – penis; PAS
– proximal accessory sac, a blind sac on proximal dart sac and opening into dart sac
chamber or not; PR – penial retractor muscle; PS – penis sheath; Va – vagina; VD – vas
deferens.

more rectangular aperture (Odhner, 1925:
pl. 5, fig. 45). Pseudiberus t. zenonis can be
distinguished from P. t. tectumsinense by the
less expanded carina.
Fig. 275 in Chen & Zhang (2004) should
not represent this subspecies because of the
presence of obvious ribs.
Pseudiberus futtereri
(Andreae, 1900)
Fig. 6
Cathaica (Pseudiberus) futtereri Andreae,
1900: 5, pl. 1, figs. 14–16, pl. 2, fig. 32; Gude,
1902a: 8.
Pseudiberus (Pseudiberus) futtereri – Zilch,
1968: 164; Richardson, 1983: 86–87.
Platypetasus futtereri – Yen, 1939: 144, pl. 14,
fig. 72; Yen, 1943: 280.
Pseudiberus futtereri – Wu & Qi, 2006: 26.

Material Examined
SMF9128: Syntype; Li-tshuan-shien (= Liquanxian, Shaanxi Province), China, 2 fma,
Ex A. Andreae 804. BMNH 1910.12.30.83:
1 fma.
Distribution
Endemic to Shaanxi Province.
Remarks
Near columella, the species has a blunt
apertural tooth that is absent in all congeners
from Shandong. The report of this species from
Shandong by Chen & Zhang (2004: 282–283,
fig. 267) is questionable. We are not aware of
any specimen voucher or any other report of
this species from Shandong.
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FIG. 27. Original label of Platypetasus anderssoni
Odhner, 1925 (http://www.morphbank.net).

Pseudiberus tectumsinense anderssoni
(Odhner, 1925)
Figs. 2, 11, 14, 19, 26, 28, 32–34;
Tables 2–4
Platypetasus anderssoni Odhner, 1925: 17–18,
pl. 5, figs. 38–46; Yen, 1943: 301.
Pseudiberus (Platypetasus) anderssoni – Richardson, 1983: 89 (not ‘Odhner, 1926’).
Pseudiberus anderssoni – Wu & Qi, 2006:
26.
Material Examined
Photos of type from Morphbank in Purba
Pal’s collection. All other material from China:
Yangtianshan, Qingzhou, SD. 2 fma, 36.642°N,
118.454°E, 357 m a.s.l., April 7, 2018, coll.
G. Zhang, Z. Li and R. Tai, registered and
DNA voucher nos. SDNU.Gas.0196.01.01–
0196.01.02.02; 29 fma, 36.641°N, 118.455°E,
353 m a.s.l., April 7, 2018, coll. G. Zhang, Z. Li
and R. Tai, registered and DNA voucher nos.
SDNU.Gas.0164.01.01–29; 16 fma, 36.641°N.

118.455°E, 393 m a.s.l., April 7, 2018, G.
Zhang, Z. Li and R. Tai, registered and DNA
voucher nos. SDNU.Gas.0165.01.01–16; 35
fma, 36.641°N, 118.455°E, 397 m a.s.l., April
7, 2018, G. Zhang, Z. Li & R. Tai, registered
and DNA voucher nos. SDNU.Gas.166.01.01–
13, SDNU.Gas.0167.01.01, SDNU.
Gas.0168.01.01–03, SDNU.Gas.0169.01.01–
02, SDNU.Gas.0171.01.01–02, SDNU.
Gas.0173.01.01–07, SDNU.Gas.0174.01.01–
07, SDNU.Gas.0189.01.03. 5 specimens were
dissected. SDNU.Gas.0164.01.01–29, SDNU.
Gas.0165.01.01–16, SDNU.Gas.166.01.01–13
were used in GMM analysis.
Diagnosis
Shell smooth; with some spiral lirae; with
2 thick reddish-brown spiral bands; Wh
4.625–5.250, B 16.5–19.2 mm, H 6.3–8.7 mm.
Proximal accessory sacs 2; inserted proximally
into dart sac; unequally developed; each with
an opening leading to dart sac chamber.
Re-description
Shell: Dextral; extremely depressed and lensshaped, thin but solid. Whorls rather flat. Suture shallow. Body whorl straight at aperture.
Base of shell convex. Umbilicus narrowing
rather suddenly, narrowly open. Columella
curved; expanded, almost not covering umbilicus. Protoconch finely granulated. Spiral
lirae or folds present. Growth lines distinct;
not accompanied with irregular thickenings.
Shell rough through periostracal derivatives.
Body whorl with carinate periphery. Carina
smooth. Aperture peach-shaped; toothless; with inner ring-like thickening present;

FIGS. 28, 29. Habitats of Pseudiberus spp. FIG. 28: Pseudiberus tectumsinense anderssoni (Odhner,1925), Qingzhou; FIG. 29: Pseudiberus t. depressus (Yen, 1935), Zibo.
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FIG. 30. Pseudiberus tectumsinense depressus (Yen, 1935), SDNU.Gas.0198.01.02.
General view of genitalia, both sides. At – atrium; BC – bursa copulatrix; BCD – bursa
copulatrix duct; DS – dart sac; FO – free oviduct; MG – mucous glands; P – penis; PAS
– proximal accessory sac, a blind sac on proximal dart sac and opening into dart sac
chamber or not; PR – penial retractor muscle; PS – penis sheath; Va – vagina; VD – vas
deferens.

expanded. Peristome thin; not continuous;
with lower half very narrowly reflexed. Callus
indistinct. Shell dull; apically reddish brown;
with bottom in dirty white; with 2 reddish
brown bands, one just above and one just
beneath carina.
General anatomy: Head wart between ommatophores presents.
Genitalia: Membranous sac surrounding
terminal genitalia absent. Penis sheath
short. Penis short; thick; slightly expanded
centrally; externally simple. Penial pilasters

near atrium with 3 pilasters where one is
thicker and splitting into numerous fine
pilasters that are interlocked and form a
regular pattern. Penis-epiphallus chamber
absent. Epiphallic papilla absent. Flagellum
lacking. Vas deferens thickened near penial
retractor. Mucous glands four; complicatedly
branched; approximately equal to dart sac in
length; each with distinct peduncle. Vaginal
region between dart sac and atrium very
short. Proximal part of dart sac not forming
neck-structure. Dart sac containing one piece
of dart. Dart ca. 4 mm in length; straight; with
cross section eye-shaped; apically 2-bladed.
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Accessory sac absent. Mucous glands insertion papilla absent. Proximal accessory sacs
2; inserted proximally into dart sac; unequally
developed; each with an opening leading to
dart sac chamber; internally without pilasters (Fig. 14). Poly-layered structure in dart
apparatus absent. Measurement (SDNU.
Gas.0196.01.01): DS – 12.9 mm long, 4.6
mm wide; MG – 15.0 mm long; Va – 8.2 mm
long; BC plus BCD – 35.0 mm long; VD –
29.6 mm long; P – 13.9 mm long; PR – 7.9
mm long.
Ecology
Found in thick vegetation on north-facing
rock cliffs, usually not on hilltops, at altitudes
between 300 and 600 m. Aestivates in rock
crevices.
Distribution
Shandong (Qingzhou).
Remarks
The spelling “Io Shan” of the type locality
is a typographic error for “To-shan” as can
be judged from the original label of Odhner
(Fig. 27).
This subspecies shares with P. tectumsinense depressus the structure of dart sac
apparatus. However, P. t. anderssoni has a
distinguishably relatively longer bursa copulatrix duct than the former (Figs. 26, 30). This
subspecies is closely related to P. t. pingi, new
subspecies, as inferred by the phylogenetic
analysis (Fig. 34).
Pseudiberus tectumsinense depressus
(Yen, 1935)
Figs. 2, 12, 14, 20, 29, 30, 32–34;
Tables 2–4
Platypetasus anderssoni depressa Yen, 1935:
46–47, pl. 3, fig. 11–11b.
Pseudiberus anderssoni depressa – Wu & Qi,
2006: 26.
Material Examined
THZ015022, holotype. THZ015023–015026,
paratypes. China: Boshan, Zibo, SD, 19 fma,
36.507°N, 118.203°E, 588 m a.s.l., May 13,
2018, coll. G. Zhang, registered and DNA voucher nos. SDNU.Gas.0198.01.01–0198.01.19; 4

fma, 36.481°N, 117.841°E, 380 m a.s.l., May
13, 2018, coll. G. Zhang, registered and DNA
voucher nos. SDNU.Gas.0204.01.01, SDNU.
Gas.0205.01.01, SDNU.Gas.0208.02.01,
SDNU.Gas.0210.01.01. 5 specimens were
dissected. SDNU.Gas.0198.01.01–0198.01.17
were used in GMM analysis.
Diagnosis
Shell sparsely with thin ribs; without spiral
lirae; with 1 or 2 bands; Wh 4.750–5.250, B
16.7–20.0 mm, H 7.5–8.4 mm. Proximal accessory sacs 2; inserted proximally into both sides
of dart sac; unequally developed; each with an
opening leading to dart sac chamber.
Re-description
Shell: Dextral; extremely depressed and lensshaped; thin but solid. Whorls flattish. Suture
superficial. Body whorl slightly descending in
front. Base of shell convex. Umbilicus gradually narrowing, narrowly open. Columella
somewhat vertical; dilated and slightly covering umbilicus. Protoconch finely granulated.
Shell surface sparsely with thin ribs, 0.5–2
ribs per mm on teleoconch; without spiral
lirae; with growth lines indistinct. Carina not
saw-toothed. Young shell rough with periostracal scales but scales lost on adult shell.
Young shell carinate. Body whorl of adult
shell carinate at or above periphery. Aperture
peach-shaped; somewhat sinuate; toothless;
with inner ring-like thickening; expanded.
Peristome thin; not continuous; with lower
half narrowly reflexed. Callus indistinct. Shell
dull; apically yellowish brown; with carina
edge white; with bottom brownish white; with
one band beneath carina, or 2 bands respectively above and beneath carina. Bands in
reddish brown.
General anatomy: Body in alcohol light leaden
grey. Head wart between ommatophores
unknown.
Genitalia: Membranous sac surrounding terminal genitalia absent. Penis sheath short.
Penis short; evenly thick; externally simple.
Penial pilasters near atrium with approx. 3 pilasters of which one is thick and splitting into
numerous fine pilasters that are interlocked
and form a regular pattern. Penis-epiphallus
chamber absent. Epiphallic papilla absent.
Flagellum lacking. Vas deferens slightly thick-
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FIG. 31. Pseudiberus tectumsinense pingi Zhang & Wu, new subspecies, SDNU.
Gas.0193.02.02, holotype. General view of genitalia, both sides. At – atrium; BC – bursa
copulatrix; BCD – bursa copulatrix duct; DS – dart sac; FO – free oviduct; MG – mucous
glands; P – penis; PAS – proximal accessory sac, a blind sac on proximal dart sac and
opening into dart sac chamber or not; PR – penial retractor muscle; PS – penis sheath;
Va – vagina; VD – vas deferens.

ened near penial retractor. Mucous glands
5; complicatedly branched; approximately
equal to dart sac in length; each with distinct
peduncle. Vaginal region between dart sac
and atrium short. Proximal part of dart sac not
forming neck-structure. Dart sac containing 1
piece of dart. Accessory sac absent. Mucous
glands insertion papilla absent. Proximal accessory sacs 2; inserted proximally into both
sides of dart sac; unequally developed; each
with an opening leading to dart sac chamber;
without internal pilasters (Fig. 14). Measurement (SDNU.Gas.0198.01.02): DS – 14.6
mm long, 5.7 mm wide; MG – 21.2 mm long;
Va – 7.6 mm long; BC plus BCD – 24.0 mm
long; VD – 32.1 mm long; P – 15.9 mm long;
PR – 2.4 mm long.
Ecology
The animals of this subspecies were active
on the north-facing nude-rocked cliffs from 300

m to 400 m a.s.l. They were seldom observed
on southern slopes.
Distribution
Shandong (Zibo).
Remarks
Pseudiberus tectumsinense anderssoni
and P. t. depressus share the same structure
of proximal accessory sac pattern (Fig. 14).
However, compared to P. t. anderssoni, P. t.
depressus has a usually concaved shell apex
and a significantly shorter relative length of
bursa copulatrix in genitalia. Furthermore, both
the geometric morphometric analysis (Figs.
32, 33) and the phylogenetic analysis (Fig.
34) suggest P. t. anderssoni and P. t. depressus are two distinct subspecies. The word
“depressa” changed to “depressus” based on
ICZN (1999).
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FIGS. 32, 33. Scatter plots of GMM analysis. FIG. 32: Scatter plots of PCA scores based on the data
from apertural views of the Shandong’s Pseudiberus species. PC1 explains 38.916% and PC2 explains
22.904% of the total shape variation; FIG. 33: Scatter plot of canonical variate 1 against canonical variate
2 (Canonical Variate Analysis), showing shell morphological relationship among Shandong’s Pseudiberus
species. CV1 explains 45.147% and CV2 explains 34.078% of the total shape variation.

Pseudiberus tectumsinense pingi
Zhang & Wu, new subspecies
Figs. 2, 3, 8, 15, 24, 25, 31–34;
Tables 2–4
Type Material
Holotype: China: Baodugu, Zaozhuang, SD,
fma, 34.984°N, 117.721°E, 521 m a.s.l., April,
30, 2018, coll. G. Zhang, Y. Zhang, registered
and DNA voucher no. SDNU.Gas.0193.02.02.
Paratypes: China: Zaozhuang, Shandong
Province; 2 fma, 34.988°N, 117.719°E, 601
m a.s.l., April 30, 2018; coll. G. Zhang, D.
Li, registered and DNA voucher nos. SDNU.
Gas.0091.02.01, SDNU.Gas.0177.02.01;
3 fma, 34.984°N, 117.721°E, 521 m a.s.l.,
April 30, 2018, coll. G. Zhang, Y. Zhang;
registered and DNA voucher nos. SDNU.
Gas.0193.02.01, SDNU.Gas.0199.01.02,
SDNU.Gas.0200.01.01. The holotype and 4
paratypes were dissected and used in GMM
analysis.
Diagnosis
Shell ribless; bandless; with irregularly and
sparsely distributed spiral lirae; Wh 4.625–
4.750, B 15.6–18.4 mm, H 5.7–10.3 mm.
Proximal accessory sacs 2, inserted proximally

into both lateral sides of dart sac; unequally
developed; only the developed sac with one
entrance leading to dart sac chamber.
Description
Shell: Dextral; extremely depressed and
lens-shaped; thin but solid. Whorls flattish.
Suture superficial. Body whorl straight to
slightly descending in front. Base of shell
convex. Umbilicus narrowly open; abruptly
narrowing. Columella curved or oblique;
dilated and partially covering umbilicus.
Protoconch finely granulated. Shell surface
ribless; with irregularly and sparsely distributed spiral lirae; with a few distinct growth
lines. Young shell rough with periostracal
scales. Sharp carina presents at periphery in
young and adult shell; saw-toothed. Aperture
peach-shaped; toothless; with inner ring-like
thickening; expanded. Peristome thin; not
continuous; with lower half reflexed. Callus
indistinct. Shell dull; almost uniformly yellowish brown, slighter paler near umbilicus
and at carina edge; bandless. Measurement
of holotype: whorls 4.750, embryonic shell
whorls 1.500, shell breadth 18.4 mm, shell
height 10.3 mm, aperture breadth 10.2 mm,
aperture height 8.1 mm, umbilicus diam.
1.5 mm.
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FIG. 34. Bayesian tree of Shandong’s Pseudiberus species based on concatenated dataset of partial
16S and ITS2 sequences. Pattern of proximal accessory sac mapped. Bayesian posterior probabilities
and bootstrap values are given in the following order: BI ⁄ML⁄ NJ. The scores of BI lower than 0.7 and
of ML lower than 70 are not shown. Numbers within groups are GenBank accession numbers.

General anatomy: Body in alcohol leaden
grey. Head wart between ommatophores
unknown.
Genitalia: Membranous sac surrounding terminal genitalia absent. Penis sheath short.
Penis short; thick; slightly expanded centrally;
externally simple. Penis proximally with approx. 3 fine pilasters and 1 thick pilaster
which splitting numerous thin pilasters that
are interlocked and form a regular pattern.
Penis-epiphallus chamber absent. Epiphallic
papilla absent. Flagellum lacking. Vas deferens slightly thickened near penial retractor.
Mucous glands 3; slightly shorter than dart
sac; complicatedly branched; each with
distinct peduncle. Vaginal region between
dart sac and atrium very short. Proximal
part of dart sac not forming neck-structure.
Dart sac containing 1 piece of dart. Dart approx. 4 mm in length; straight; cross section
eye-shaped; apically 2-bladed. Accessory
sac absent. Mucous glands insertion papilla
absent. Proximal accessory sacs 2, inserted
proximally into both lateral sides of dart

sac; unequally developed; only developed
sac with one entrance leading to dart sac
chamber (Fig. 15); without internal pilasters.
Poly-layered structure in dart apparatus absent. Measurement of holotype: DS – 15.7
mm long, 4.6 mm wide; MG – 11.4 mm long;
Va – 6.2 mm long; BC plus BCD – 32.2 mm
long; VD – 38.4 mm long; P – 21.6 mm long;
PR – 0.9 mm long.
Distribution
Shandong (Zaozhuang). Known only from
the type locality.
Etymology
The new subspecies is named in honor of
Professor Chi Ping (1886–1965), the founder
of Chinese malacology.
Ecology
The new subspecies lives on the limestone
cliffs (250–400 m a.s.l.) near but scarcely on
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TABLE 5. Comparison of genetic distances calculated from 16S sequences among some pulmonate
snails. NA, not available. With get all block and other paraments are the same.

Family

Genus

Species
number

Uncorrected p-distance
Infraspecific
Interspecific

References

Camaenidae

Camaena
Sastuma
Aegista
Pseudiberus
Australocosmica

7
23
4
5
3

0.000–0.004
NA
0.004–0.014
0.000–0.007
0.007–0.025

0.052–0.152
0.003–0.224
0.025–0.034
0.017–0.049
0.156–0.187

Ding et al., 2016
Wu et al., 2008
Hwang et al., 2014
This study
Köhler, 2011

Helicarionidae

Stanisicarion
Fastosarion
Mysticarion
Brevisentis
Parmavitrina

3
17
4
3
7

0.022–0.029
0.000–0.034
0.001–0.005
0.001–0.022
0.006–0.009

0.061–0.078
0.027–0.155
0.051–0.104
0.042–0.046
0.029–0.151

Hyman & Köhler, 2019
Hyman & Köhler, 2019
Hyman et al., 2017
Hyman et al., 2017
Hyman et al., 2017

the hilltop (Fig. 25), where some low shrubs
of Deutzia grandiflora (family Hydrangeaceae)
occur. Some living individuals and empty shells
were found in the litter beneath.
Remarks
In shell characteristics excluding shell geometric features, the new subspecies is close
to P. chentingensis. However, the new subspecies has the proximal accessory sacs that
are unequally developed and with only one
entrance (Fig. 15), which make it particular
among Shandongese Pseudiberus species
(Figs. 13, 14) and P. chentingensis (Fig. 13).
Both in geometrical and in molecular phylogenetic aspects, the new subspecies is close to P.
tectumsinense anderssoni (Figs. 32–34).
DISCUSSION
Systematic Significance of Morphological Characteristics
The Pseudiberus species in Shandong share
the genital characteristics with P. chentingensis
in a series of characteristics “membranous
sac surrounding terminal genitalia (DVM: Wu,
2004) absent. Penis sheath short but present. Penis externally simple. Penial pilasters
interlocked and forming a regular pattern of
network. Flagellum lacking. Accessory sac
absent. Proximal accessory sacs 2; inserted
proximally into dart sac; equally or unequally
developed; with one or two openings leading to

dart sac chamber. Poly-layered structure (PLs:
Wu, 2004) in dart apparatus absent”. Although
very little anatomy information is known from
the Pseudiberus species distributed in the regions west of the TMC, the species described
here and those published elsewhere (Wu,
2004; Wu & Asami, 2017) help to rough out the
genus Pseudiberus in respect of genitalia, that
is, “DVM absent. Penis sheath present. Penis
externally simple. Penial pilasters regularly
intersected. Flagellum absent. PLs missing”.
These genital features clearly separated
Pseudiberus from Cathaica Möllendorff, 1884
(Wu, 2004: fig. 22) which includes Pseudiberus
by some authors (Andreae, 1900; Gude,
1902a, b; Thiele, 1931; Odhner, 1963). Another
feature in Pseudiberus described for the first
time herein, also a novelty for the subfamily
Bradybaeninae, is the existence of the proximal
accessory sacs (PAS) proximally inserted on
the dart apparatus. It is unambiguous that the
proximal accessory sac and the accessory sac
usually described (e.g., Wu, 2004: Euhadra
herklotsi (Martens, 1861), fig. 20D, AS) are
structurally different.
In bradybaenine snails, DVM and PAS are
close to each other in their positions on dart
apparatus, although DVM usually covers more
portions of the terminal genitalia and therefore
is closer to atrium. The DVM does not open into
the dart sac chamber as the PAS does, however, the observation that the snails possessing
DVM have not the PAS (e.g., in Karaftohelix
weyrichii (Schrenck, 1867); Wu, 2004: fig. 3)
and that the snails that have not DVM possess
the PAS (e.g., in all the species involved in
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this work), suggests there is possibly a close
relationship between the DVM and the PAS.
In other words, the DVM and the PAS might
be homologous in origin. Until now, the only
reliable diagnostic character for Shandong’s
Pseudiberus come from the states of PAS.
Systematic Significance of Molecular Characteristics
The genetic distances (uncorrected proportional distance, p-distance) based on partial
16S and ITS2 sequences among Pseudiberus, Cathaica and Bradybaena (p-distance
= 0.130–0.141) are close to those among
Satsuma albida species complex (p-distance
= 0.006–0.150) based on COI, 16S and ITS2
(Wu et al., 2008). If only considering genetic
distance of 16S rRNA sequences, the present
uncorrected p-distance among the examined
Pseudiberus species is relatively low but still
within the p-distance (16S rRNA) range shown
in pulmonate land snails (Table 5). Pseudiberus
tectumsinense zenonis is on the basal clade,
and P. t. tectumsinense within the studied
Pseudiberus species (Fig. 34) and is estimated
to have higher genetic distances with the remaining Pseudiberus species (p-distance =
0.013–0.023). Pseudiberus t. zenonis and P.
t. depressus are genetically close (p-distance
= 0.008–0.010) but they are unambiguously
different in the shell morphology (Figs. 32, 33)
and are recognizably different in the structure
of dart sac apparatus, that is, P. t. zenonis has
a symmetrical dart sac (Figs. 13, 32) and P. t.
depressus has an asymmetrical dart sac (Figs.
14, 32), however in both subspecies, two openings leading to dart sac chamber are present.
Pseudiberus tectumsinense pingi, new subspecies, and P. t. anderssoni, the sister clade
of the sibling P. t. zenonis and P. t. depressus,
however, have higher genetic distance (pdistance = 0.017–0.021). The topology of the
molecular phylogeny (Fig. 34), the high genetic
divergence (p-distance between P. t. anderssoni and P. t. depressus = 0.019–0.027) (Table
4) and the geometric morphometric result (Figs.
32, 33) suggest that P. t. anderssoni are not
closely related to P. t. depressus, and the treatment of putting P. t. depressus as a subspecies
under P. tectumsinense than a subspecies
under P. anderssoni (Yen 1939) is supported.
This confirms again the idea that the integrated
application of shell morphology, anatomy and
molecular information are necessary for the
taxonomy of land snails.
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Biogeography
In Shandong Province, Pseudiberus species
are restricted to the Taishan and Yimengshan
Mountains, where they occur exclusively only
on exposed mountain cliffs and mountain tops
(Fig. 2). No records of these species are available from lowland localities, suggesting that
they are isolated from one another in small,
potentially refugial allopatric distributions. Due
to their isolated occurrence, we infer that there
is very little opportunity of genetic exchange
between allopatric populations. This lack of
exchange may be a driver for lineage diversification and speciation.
On the Shandong Peninsula, the Taishan
and Yimengshan Mountains are surrounded by
lowlands that were overwhelmed by the open
sea during the early Quaternary (Pei, 1939; Min
et al., 2016). This submergence might have
initiated the lineage separation of Pseudiberus
species, which might have failed to recolonize
those previously submerged territories. The
comparatively short branches showed in the
phylogram (Fig. 34) indicate that the recent
members of Shandongese Pseudiberus have
experienced a very low level of genetic differentiation since the departure from their
common ancestor. We guess that poor gene
flow among them because of geographical barriers, but due to small population and confined
habitation the effect of genetic drift inside each
population was shown. Considering that there
is morphological differentiation among them,
we tend to treat them as subspecies instead
of independent species.
Environmental heterogeneity might have
been contributing much to the evolution of the
Pseudiberus species east of the Taihangshan
Mountain Chain (TMC). The environmental
aridity that is overwhelmingly determined by
the local precipitation might be the selective
force under which the double-lipped aperture
in some populations of P. chentingensis was
developed/selected (Wu & Qi, 2006). Correspondingly, in Shandong’s Pseudiberus
that live in habitats with higher precipitation
such double-lipped aperture is not observed.
In aspect of genitalia, in the Pseudiberus
species distributed between Jinan and the
TMC, namely Hebei (Dingzhou) and Henan
(Jiaozuo), two PAS are symmetrically/equally
developed and each has an entrance leading
to the DSC (Fig. 13). In Zibo and Qingzhou,
only one of the two PAS is developed but each
sac with an opening leading to the DSC (Fig.
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14). In the species of Zaozhuang, South Shandong, the two PAS are unequally developed
but only one has opening leading to the DSC
(Fig. 15). The PAS is guessed by us for making
snails store up much larger quantity of mucus
secreted by mucous glands, which the PAS of
“equally developed and each with an entrance”,
the PAS of “unequally developed and each
with an entrance” and the PAS of “unequally
developed and with only one entrance” form
a high-to-low gradient of the possible mucus
storage capacity. It fascinates us that this highto-low gradient of the mucus storage capacity
matches the property of the environments/habitats of these species, which show a tendency
of high-to-low aridity conditions as represented
by the annual precipitation of the examined
collecting sites occupied by Pseudiberus
(Low: Zhengding 474.4 mm, Cixian 509.3 mm,
Jiaozuo 551.6 mm; median: Jinan 687.2 mm,
Zibo: Boshan 736.6 mm, Qingzhou 628.7 mm;
high: Zaozhuang 820.2 mm) (the averages
are calculated from data from 1981 to 2010,
National Meteorological Information Center,
http://data.cma.cn/data/weatherBk.html). This
consistency suggests that the environmental
humidity might have driven the evolution of
east-of-TMC Pseudiberus species.
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