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Abstract  Freshwater snails of the genus Austropeplea were found on rice fields in Spain. It is the first record of this 
genus in Europe, very distant from all previously known localitites of this taxon. By comparison of sequence data of the 
nuclear marker ITS-2 two specimens analysed fell into one cluster with GenBank sequences from Austropeplea viridis (Quoy 
& Gaimard, 1833) from Thailand and Australia, a Radix sp. sequence (Genbank) from Turkey and own sequences from 
Orientogalba specimens from China and Mongolia. Morphologically, the newly found snails correspond to specimens of  
A. viridis from Central Asia as well as to the syntypes of Lymnaea viridis collected in Guam. This finding confirms the 
high potential of aquatic pulmonate snails as successful transcontinental invaders. 
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Introduction

In July 2015 some lymnaeid specimens were col-
lected for determination on rice fields in Deltebre 
(Spain, Tarragona province) (Fig. 1). Shell mor-
phology and anatomy suggested them to belong 
to the genus Radix, species of which occur fre-
quently in the region. Two of them were sent 
to the Senckenberg Natural History Collections 
Dresden, Museum of Zoology (SNSD) for molec-
ular genetic analyses by KS. The comparison of 
the two mitochondrial cyt–b sequences (frag-
ment of 329 bp) obtained with KS’s database of 
about 230, partly yet unpublished, sequences of 
Palaearctic species of the genus Radix Montfort, 
1810 and other Lymnaeidae related to Radix 
showed that the two specimens do not belong to 
the genus Radix as expected by morphology and 
origin, but cluster with some yet undetermined 
specimens from China and Mongolia of the 
genus Orientogalba Kruglov et Starobogatov, 1985 
from the SNSD mollusc collection. The taxonomy 
of this group of lymnaeids is under debate (see 
Discussion). 

By comparison of additional GenBank 
sequences and morphological characters of snails 

collected in Australasia, the aim of this study was 
to determine the species and generic affiliation of 
the two Spanish individuals analysed.

Material and Methods

Snails were fixed in 70–80% ethanol or isopropyl 
alcohol. Shell morphology, mantle pigmentation 
and anatomy were documented from the speci-
mens studied. Genital organs were dissected 
and measured using stereo microscope (Nikon 
SMZ18). Photographs were taken with a digital 
camera system (Nikon DS-Fi2).

All specimens used for morphological and 
molecular genetic studies are listed in Table 
1. They are stored in the mollusc collection of 
the Senckenberg Natural History Collections 
Dresden, Museum of Zoology (SNSD).

We also examined morphological characters of 
the type series of Lymnaea viridis Quoy et Gaimard, 
1833 (containing three syntype shells) housed in 
the National Museum of Natural History, Paris, 
as well as numerous individuals of this species 
collected by M.V. in Western Mongolia (July 2012) 
and kept in the Museum of Siberian Aquatic 
Molluscs, Omsk State Pedagogical University, 
Russia.Contact author: katrin.schniebs@senckenberg.de
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For the taxonomy of the freshwater molluscs 
used for outgroup comparison in the molecu-
lar genetic analyses, we followed the current 
European checklists (Falkner et al., 2001; Bank 
2011).

Tissue samples taken from the foot were fixed 
in 100% ethanol. They were registered in the tis-
sue collection of the SNSD with a tissue voucher 
number and the corresponding collection num-
ber in the mollusc collection of SNSD and stored 
at -80°C.

Molecular Techniques and Phylogenetic 
Analyses of Sequences

For the molecular genetic analyses we obtained 
the sequences of the nuclear ITS-2 spacer of 
the two specimens. For primers and protocols 
of DNA extraction, Polymerase Chain Reaction 
(PCR), purification of PCR products and DNA 
sequencing see Schniebs et al. (2011).

For outgroup comparison in the molecu-
lar genetic analyses, we used sequences of the 
Palaearctic species Aplexa hypnorum (Linnaeus, 
1758) from the freshwater gastropod family 
Physidae Fitzinger, 1837 as well as Lymnaea 
stagnalis (Linnaeus, 1758) and Stagnicola corvus 
(Gmelin, 1791), another lymnaeid. We included 
sequences of Radix auricularia (Linnaeus, 1758), 
R. balthica (Linnaeus, 1758), R. ampla (Hartmann, 
1821), R. lagotis (Schrank, 1803) and R. labiata 
(Rossmässler, 1835) in the ingroup to facilitate 
inter- and intraspecific comparisons. In addition 
we included ITS-2 sequences of Austropeplea vir-
idis, A. tomentosa (Pfeiffer, 1855) and an undeter-
minated Radix specimen from Turkey available 
from GenBank. The length of the ITS-2 spacer 
is 280 bp in A. hypnorum and up to 495 bp in L. 
stagnalis.

All DNA-sequences have been placed in the 
European Nucleotide Archive (ENA, see http://
www.ebi.ac.uk/ena/).

The ITS-2 sequences were combined to a file 
using the sequence alignment editor BioEdit 
(Hall, 1999), aligned using the Clustal algo-
rithm of MEGA version 4 (Tamura et al., 2007) 
and the alignment was subsequently improved 
by eye. The post-alignment editing is neces-
sary because MEGA is only able to recognize 
and order very similar gene fragments, whereas 
our dataset includes deeply diverged sequences 
that are additionally of very different lengths. 
The program is unable to align outgroup 
sequences from other families (Physidae) to the 
Lymnaeidae alignment. To avoid circular argu-
ments, sequences were only edited without the 
taxon labels. We created the most parsimonious 
alignment by first grouping sequences according 
to similarity of hypervariable segments. We then 
separated grouped segments of sites by inserting 
gaps of the same length as the segment, rather 
than making a subjective alignment hypoth-
esis. The alignment obtained is about two times 
longer (1009 sites) than its longest sequence (495 
bp). This approach is less subjective than align-
ing stretches of nucleotides that show no similar-
ity at all and thereby creating hypotheses, which 
are based only on noise. 

Consequently, we chose an analytical approach 
under the maximum parsimony (MP) criterion 
to be able to include the gap code information. 
Losing this information by analysing under 
distance or maximum likelihood criteria would 
mean losing the greatest part of the phylo-
genetic signal. The phylogenetic analysis for 
the ITS-2 spacer was carried out using PAUP 
(version 4.0b10; Swofford, 2002; settings: gap-
mode = NewState, addseq = closest, the maximal 

Figure 1  A) The rice field habitat (Spain, Tarragona province, Deltebre) of the specimens to be identified by this 
study; B) the high population density observed; C) a living specimen.



First Record of Austropeplea viridis in Europe 359
Ta

b
le

 1
 

M
at

er
ia

l u
se

d
 f

or
 t

he
 m

ol
ec

ul
ar

 g
en

et
ic

 a
nd

 m
or

ph
ol

og
ic

al
 a

na
ly

se
s.

 EN


A
 =

 E
ur

op
ea

n 
N

uc
le

ot
id

e 
A

rc
hi

ve
.

C
od

e 
C

ol
le

ct
io

n 
N

o.
 SNSD




L
oc

al
it

y
EN


A

 N
o.

 ITS


-
2

A
pl

ex
a 

hy
pn

or
um

 (
L

in
na

eu
s,

 1
75

8)
 

A
pl

ex
a 

hy
pn

or
um

 1
M

ol
l S

34
8

G
er

m
an

y,
 M

ec
kl

en
bu

rg
-W

es
te

rn
 P

om
er

an
ia

, l
ak

e 
N

eb
el

, 
12

°4
2'

02
''E

 5
3°

15
'3

2'
'N

FR
79

78
32

A
pl

ex
a 

hy
pn

or
um

 2
M

ol
l S

35
0

G
er

m
an

y,
 M

ec
kl

en
bu

rg
-W

es
te

rn
 P

om
er

an
ia

, l
ak

e 
N

eb
el

, 
12

°4
2'

02
''E

 5
3°

15
'3

2'
'N

FR
79

78
33

Ly
m

na
ea

 s
ta

gn
al

is
 (

L
in

na
eu

s,
 1

75
8)

Ly
m

na
ea

 s
ta

gn
al

is
 1

M
ol

l 4
92

39
G

er
m

an
y,

 S
ax

on
y,

 D
re

sd
en

, o
ld

 b
ra

nc
h 

of
 R

iv
er

 E
lb

e,
 N

 
50

°5
9'

50
.8

0”
 E

 1
3°

52
'2

9.
39

”
H

E
57

30
64

Ly
m

na
ea

 s
ta

gn
al

is
 2

M
ol

l 4
98

35
G

er
m

an
y,

 S
ax

on
y,

 N
ie

d
er

sp
re

e,
 s

m
al

l p
on

d
, N

 5
1°

24
'2

8”
 E

 
14

°5
4'

03
”

H
E

57
30

65

Ly
m

na
ea

 s
ta

gn
al

is
 3

M
ol

l 5
31

08
G

er
m

an
y,

 B
ad

en
-W

ür
tt

em
be

rg
, K

on
st

an
z-

 E
gg

, d
it

ch
 

H
oc

kg
ra

be
n,

 9
°1

1'
34

.2
''E

 4
7°

40
'5

7.
3'

'N
FR

79
78

34

Ly
m

na
ea

 s
ta

gn
al

is
 4

M
ol

l 5
31

09
G

er
m

an
y,

 B
ad

en
-W

ür
tt

em
be

rg
, K

on
st

an
z-

 E
gg

, d
it

ch
 

H
oc

kg
ra

be
n,

 9
°1

1'
34

.2
''E

 4
7°

40
'5

7.
3'

'N
FR

79
78

35

Ly
m

na
ea

 s
ta

gn
al

is
 5

M
ol

l S
17

60
U

kr
ai

ne
: p

ro
vi

nc
e 

Z
ap

or
oz

hy
e,

 Z
ar

ec
hn

oe
 v

ill
ag

e,
 Y

us
ha

nl
y 

R
iv

er
H

G
93

19
62

Ly
m

na
ea

 s
ta

gn
al

is
 6

M
ol

l S
23

11
B

ul
ga

ri
a:

 P
lo

vd
iv

, f
lo

od
pl

ai
n 

of
 t

he
 M

ar
iz

a 
R

iv
er

, 2
4°

43
’ 3

4.
8'

'E
 

42
°0

9’
 1

3.
5'

'N
H

G
93

19
65

St
ag

ni
co

la
 c

or
vu

s 
(G

m
el

in
, 1

79
1)

St
ag

ni
co

la
 c

or
vu

s 
1

M
ol

l 4
98

21
G

er
m

an
y,

 S
ax

on
y,

 N
ie

d
er

sp
re

e,
 p

on
d

 G
ro

ße
r 

Ti
ef

zu
g,

 
14

°5
3'

38
''E

 5
1°

24
'2

0'
'N

H
E

57
76

38

St
ag

ni
co

la
 c

or
vu

s 
2

M
ol

l 4
98

72
G

er
m

an
y,

 S
ax

on
y,

 p
on

d
 V

ie
rt

ei
ch

 n
ea

r 
Fr

ei
te

ls
d

or
f, 

H
E

57
76

39
13

°4
1'

57
''E

 5
1°

15
'4

3'
'N

St
ag

ni
co

la
 c

or
vu

s 
3

M
ol

l 5
28

30
G

er
m

an
y,

 S
ax

on
y,

 G
re

th
en

, d
it

ch
 o

n 
th

e 
w

es
t 

si
d

e 
of

 t
he

 p
on

d
 

K
le

in
er

 K
ir

ch
en

te
ic

h,
 1

2°
39

'2
2'

'E
 5

1°
14

'2
9'

'N
H

E
57

76
40

St
ag

ni
co

la
 c

or
vu

s 
4

M
ol

l 5
28

31
G

er
m

an
y,

 S
ax

on
y,

 G
re

th
en

, d
it

ch
 o

n 
th

e 
w

es
t 

si
d

e 
of

 t
he

 p
on

d
 

K
le

in
er

 K
ir

ch
en

te
ic

h,
 1

2°
39

'2
2'

'E
 5

1°
14

'2
9'

'N
H

E
57

76
41

R
ad

ix
 a

ur
ic

ul
ar

ia
 (

L
in

na
eu

s,
 1

74
8)

R
ad

ix
 a

ur
ic

ul
ar

ia
 1

M
ol

l 5
00

05
G

er
m

an
y,

 S
ax

on
y,

 N
ie

d
er

sp
re

e,
 p

on
d

 N
eu

w
ie

se
nt

ei
ch

, 
14

°5
2'

57
''E

 5
1°

24
'1

9”
H

E
57

30
66

R
ad

ix
 a

ur
ic

ul
ar

ia
 2

M
ol

l 5
00

79
G

er
m

an
y,

 S
ax

on
y,

 p
on

d
 V

ie
rt

ei
ch

 n
ea

r 
Fr

ei
te

ls
d

or
f, 

13
°4

1'
57

''E
 

51
°1

5'
43

”
H

E
57

30
67

R
ad

ix
 a

ur
ic

ul
ar

ia
 3

M
ol

l 5
28

57
R

us
si

a,
 N

ov
os

ib
ir

sk
 R

eg
io

n,
 N

ov
os

ib
ir

sk
, R

es
er

vo
ir

 n
ea

r 
K

ir
za

 
R

iv
er

, N
 5

4°
14

.2
24

’ E
 8

1°
39

.6
31

14
’

H
E

55
76

47

R
ad

ix
 a

ur
ic

ul
ar

ia
 4

M
ol

l 5
28

59
R

us
si

a,
 N

ov
os

ib
ir

sk
 R

eg
io

n,
 N

ov
os

ib
ir

sk
, R

es
er

vo
ir

 n
ea

r 
K

ir
za

 
R

iv
er

, N
 5

4°
14

.2
24

’ E
 8

1°
39

.6
31

14
’

H
E

55
76

48

R
ad

ix
 a

ur
ic

ul
ar

ia
 5

 
M

ol
l 5

30
70

 
G

er
m

an
y,

 B
av

ar
ia

, W
ei

ch
er

in
g,

 p
on

d
 in

 r
iv

er
si

d
e 

fo
re

st
, 

11
°1

9'
23

.6
''E

 4
8°

43
'3

4.
1'

'N
FR

79
78

42
 



K Schniebs et al360
C

od
e 

C
ol

le
ct

io
n 

N
o.

 SNSD



L

oc
al

it
y

EN


A
 N

o.
 ITS


-

2

R
ad

ix
 a

ur
ic

ul
ar

ia
 6

M
ol

l 5
30

71
G

er
m

an
y,

 B
av

ar
ia

, W
ei

ch
er

in
g,

 p
on

d
 in

 r
iv

er
si

d
e 

fo
re

st
, 

11
°1

9'
23

.6
''E

 4
8°

43
'3

4.
1'

'N
FR

79
78

43

R
ad

ix
 a

m
pl

a 
(H

ar
tm

an
n,

 1
82

1)
R

ad
ix

 a
m

pl
a 

1
M

ol
l 5

11
12

R
us

si
a,

 C
he

ly
ab

in
sk

 R
eg

io
n,

 r
iv

er
 M

ia
ss

 n
ea

r 
D

yn
am

o 
vi

lla
ge

, 
60

°0
2'

E
 4

5°
57

'N
H

E
79

84
48

R
ad

ix
 a

m
pl

a 
2 

M
ol

l 5
11

13
R

us
si

a,
 C

he
ly

ab
in

sk
 R

eg
io

n,
 r

iv
er

 M
ia

ss
 n

ea
r 

D
yn

am
o 

vi
lla

ge
, 

60
°0

2'
E

 4
5°

57
'N

H
E

79
84

49

R
ad

ix
 a

m
pl

a 
3 

M
ol

l 5
30

98
G

er
m

an
y,

 B
av

ar
ia

, l
ak

e 
A

m
m

er
se

e,
 S

te
ge

n,
 1

1°
08

'0
7'

'E
 

48
°0

4'
32

''N
H

E
57

30
72

R
ad

ix
 a

m
pl

a 
4

M
ol

l 5
30

99
G

er
m

an
y,

 B
av

ar
ia

, l
ak

e 
A

m
m

er
se

e,
 S

te
ge

n,
 1

1°
08

'0
7'

'E
 

48
°0

4'
32

''N
H

E
57

30
73

R
ad

ix
 b

al
th

ic
a 

(L
in

na
eu

s,
 1

75
8)

R
ad

ix
 b

al
th

ic
a 

1
M

ol
l 5

12
83

Sw
it

ze
rl

an
d

, c
an

to
n 

B
as

el
-L

an
d

sc
ha

ft
, L

ie
st

al
, O

ri
sh

of
, 

07
°4

3'
03

''E
 4

7°
28

'2
2'

'N
H

E
57

30
82

R
ad

ix
 b

al
th

ic
a 

2
M

ol
l 5

12
92

Sw
it

ze
rl

an
d

, c
an

to
n 

B
as

el
 C

it
y,

 R
ie

he
n,

 W
ie

se
ng

ri
en

er
, 

07
°3

8'
32

''E
 4

7°
35

'2
1'

'N
H

E
57

30
83

R
ad

ix
 b

al
th

ic
a 

3
M

ol
l 5

18
34

G
er

m
an

y,
 S

ax
on

y,
 D

re
sd

en
-K

le
iz

sc
ha

ch
w

it
z,

 r
iv

er
 E

lb
e,

 
13

°5
2'

21
''E

 5
1°

00
'0

3'
'N

H
E

57
30

79

R
ad

ix
 b

al
th

ic
a 

4
M

ol
l 5

18
60

Sw
ed

en
, Ø

la
nd

, e
as

t 
sh

or
e 

ne
ar

 L
ill

e 
Se

by
, 1

6.
56

5°
E

 5
6.

34
5°

N
H

E
57

30
90

R
ad

ix
 b

al
th

ic
a 

5
M

ol
l 5

31
11

G
er

m
an

y,
 B

ad
en

-W
ür

tt
em

be
rg

, K
on

st
an

z-
E

gg
, p

on
d

 n
ea

r 
U

ni
ve

rs
it

y,
 0

9°
11

'2
9'

'E
 4

7°
41

'0
9'

' N
H

E
57

30
78

R
ad

ix
 b

al
th

ic
a 

6
M

ol
l 5

31
12

G
er

m
an

y,
 B

ad
en

-W
ür

tt
em

be
rg

, K
on

st
an

z-
E

gg
, p

on
d

 n
ea

r 
U

ni
ve

rs
it

y,
 0

9°
11

'2
9'

'E
 4

7°
41

'0
9'

' N
H

E
57

76
49

R
ad

ix
 la

bi
at

a 
(R

os
sm

äs
sl

er
, 1

83
5)

R
ad

ix
 la

bi
at

a 
1

M
ol

l 5
12

76
G

er
m

an
y,

 S
ax

on
y,

 p
on

d
 n

ea
r 

L
an

ge
nb

er
g,

H
E

57
30

69
R

ad
ix

 la
bi

at
a 

4
M

ol
l 5

18
63

M
on

te
ne

gr
o,

 Ž
ab

lja
k,

 B
la

ck
 L

ak
e,

 s
an

d
 p

oo
ls

, 1
9°

05
'4

2'
'E

 
43

°0
8'

50
''N

H
E

79
84

55

R
ad

ix
 la

bi
at

a 
5

M
ol

l 5
19

10
G

er
m

an
y,

 S
ax

on
y,

 D
eh

ni
tz

, r
en

at
ur

ed
 s

w
im

m
in

g 
ba

th
s,

 
12

°4
4'

24
''E

 5
1°

20
'5

6'
'N

H
E

79
84

56

R
ad

ix
 la

bi
at

a 
6

M
ol

l 5
19

64
G

er
m

an
y,

 M
ec

kl
en

bu
rg

-W
es

te
rn

 P
om

er
an

ia
, G

re
ss

ow
, a

ld
er

 
fe

nw
od

, 1
1°

18
.5

92
'E

 5
3°

41
.8

98
'N

H
E

79
84

54

R
ad

ix
 la

bi
at

a 
7

M
ol

l 5
24

15
A

us
tr

ia
, C

ar
in

th
ia

, H
er

m
ag

or
, 1

3°
22

'E
 4

6°
37

'N
H

E
79

84
57

R
ad

ix
 la

bi
at

a 
8

M
ol

l 5
24

27
It

al
y,

 L
om

ba
rd

y,
 P

ro
vi

nc
e 

of
 B

re
sc

ia
, B

or
no

, l
ow

er
 V

ar
ic

la
  

L
ak

e,
 2

°1
5'

24
''W

 4
5°

58
'5

0'
'N

 (
M

on
te

 M
ar

io
)

H
E

79
84

59

R
ad

ix
 la

bi
at

a 
9

M
ol

l 5
25

80
G

er
m

an
y,

 S
ax

on
y,

 L
in

z,
 f

iv
e 

ye
ar

 o
ld

 p
on

d
, 1

3°
43

'3
3'

'E
 

51
°2

0'
51

''N
H

E
79

84
63

R
ad

ix
 la

bi
at

a 
10

M
ol

l S
17

2
Fr

an
ce

, B
ou

rg
og

ne
, D

ép
ar

te
m

en
t 

C
ot

e-
d

’O
r

H
E

79
84

65
R

ad
ix

 la
bi

at
a 

11
 

M
ol

l S
29

04
 

G
er

m
an

y,
 S

ax
on

y,
 s

m
al

l b
ro

ok
 n

or
th

 o
f 

T
ha

ra
nd

t, 
13

°3
4'

19
''E

 
51

°0
0'

08
''N

H
E

79
84

69
 



First Record of Austropeplea viridis in Europe 361

C
od

e 
C

ol
le

ct
io

n 
N

o.
 SNSD




L
oc

al
it

y
EN


A

 N
o.

 ITS


-
2

R
ad

ix
 la

go
ti

s 
(S

ch
ra

nk
, 1

80
3)

R
ad

ix
 la

go
ti

s 
1

M
ol

l 4
98

68
G

er
m

an
y,

 S
ax

on
y,

 p
on

d
 V

ie
rt

ei
ch

 n
ea

r 
Fr

ei
te

ls
d

or
f, 

13
°4

1'
59

''E
 

51
°1

5'
39

''N
H

E
57

30
76

R
ad

ix
 la

go
ti

s 
2

M
ol

l 5
18

58
G

er
m

an
y,

 B
ra

nd
en

bu
rg

, S
tr

od
eh

ne
, 5

1.
74

55
5°

N
 1

2.
22

39
6°

E
LN


87

42
55

R
ad

ix
 la

go
ti

s 
3

M
ol

l 5
25

63
G

er
m

an
y,

 S
ax

on
y,

 p
on

d
 G

ol
d

gr
ub

en
te

ic
h 

ne
ar

 L
in

z,
 1

3°
43

'0
9'

'E
 

51
°1

9'
46

''N
H

E
57

30
77

R
ad

ix
 la

go
ti

s 
4

M
ol

l S
21

90
G

er
m

an
y,

 M
ec

kl
en

bu
rg

-W
es

te
rn

 P
om

er
an

ia
, c

re
ek

 c
on

ne
ct

in
g 

th
e 

la
ke

s 
K

ir
ch

st
üc

ke
r 

an
d

 B
ar

ne
rs

tü
ck

er
LN


87

42
56

R
ad

ix
 la

go
ti

s 
5

M
ol

l S
37

65
B

ul
ga

ri
a.

 D
ra

go
m

an
 m

ar
sh

la
nd

 4
0k

m
 w

es
t 

of
 S

of
ia

, 
N

42
°5

6'
11

.7
'' 

E
22

°5
7'

9.
3'

'
LN


87

42
57

A
us

tr
op

ep
le

a 
vi

ri
di

s 
(Q

uo
y 

&
 G

ai
m

ar
d

, 1
83

3)
 

O
ri

en
to

ga
lb

a 
sp

.
M

ol
l S

52
92

M
on

go
lia

, T
ov

 p
ro

vi
nc

e,
 r

iv
er

 n
ot

 f
ar

 f
ro

m
 B

ay
an

-O
nj

uu
l

LT
22

05
01

O
ri

en
to

ga
lb

a 
sp

.
M

ol
l S

52
94

M
on

go
lia

, T
ov

 p
ro

vi
nc

e,
 r

iv
er

 n
ot

 f
ar

 f
ro

m
 B

ay
an

-O
nj

uu
l

LT
22

05
02

O
ri

en
to

ga
lb

a 
sp

.
M

ol
l S

54
10

C
hi

na
: G

an
su

 P
ro

vi
nc

e,
 C

hu
an

zh
en

, W
ei

yu
an

, N
 3

4.
94

38
5°

E
 

10
4.

04
99

5°
LT

22
05

03

O
ri

en
to

ga
lb

a 
sp

.
M

ol
l S

54
18

C
hi

na
: G

an
su

 P
ro

vi
nc

e,
 W

en
xi

an
, N

 3
2.

93
01

3°
 E

 1
04

.7
21

56
°

LT
22

04
99

O
ri

en
to

ga
lb

a 
sp

.
M

ol
l S

68
32

W
es

te
rn

 M
on

go
lia

, s
m

al
l p

on
d

 in
 t

he
 f

lo
od

pl
ai

n 
of

 t
he

 r
iv

er
 

K
ho

vd
, N

 4
8°

13
.7

18
' E

 9
1°

55
.4

08
'

LT
22

05
00

Sp
ai

n
M

ol
l S

79
16

Sp
ai

n:
 T

ar
ra

go
na

 p
ro

vi
nc

e,
 D

el
te

br
e,

 r
ic

e 
fi

el
d

, N
 4

0.
77

08
85

°,
 E

 
0.

70
37

21
°

LT
22

04
97

Sp
ai

n
M

ol
l S

79
17

Sp
ai

n:
 T

ar
ra

go
na

 p
ro

vi
nc

e,
 D

el
te

br
e,

 r
ic

e 
fi

el
d

 N
 4

0.
77

08
85

°,
 E

 
0.

70
37

21
°

LT
22

04
98

A
us

tr
op

ep
le

a 
vi

ri
di

s
T

ha
ila

nd
, C

hi
an

g 
M

ai
 (

K
as

et
 e

t 
al

. 2
01

0)
G

U
16

79
12

A
us

tr
op

ep
le

a 
vi

ri
di

s
A

us
tr

al
ia

, W
es

te
rn

 A
us

tr
al

ia
, P

er
th

, S
 3

1°
56

.0
00

‘ E
 1

15
°5

0.
00

0‘
 

(P
us

le
d

ni
k 

et
 a

l. 
20

09
)

EU


55
63

13

R
ad

ix
 s

p.
Tu

rk
ey

, S
oe

ke
, A

yd
in

 S
ir

a 
D

ag
la

ri
 (

B
ar

gu
es

 e
t 

al
., 

20
01

)
A

J3
19

64
1

A
us

tr
op

ep
le

a 
to

m
en

to
sa

 (
Pf

ei
ff

er
, 1

85
5)

A
us

tr
op

ep
le

a 
to

m
en

to
sa

N
ew

 Z
ea

la
nd

, N
or

th
 I

sl
an

d
, N

or
th

 o
f 

N
ap

ie
r, 

S 
39

°1
3.

04
0‘

 E
 

17
6°

53
.3

80
‘ E

 (
Pu

sl
ed

ni
k 

et
 a

l. 
20

09
)

EU


 5
56

28
0

A
us

tr
op

ep
le

a 
to

m
en

to
sa

 
  

A
us

tr
al

ia
, S

ou
th

 A
us

tr
al

ia
, M

ill
ic

en
t 

S 
37

°0
9.

68
8‘

 E
 

14
0°

06
.0

75
‘(

Pu
sl

ed
ni

k 
et

 a
l.,

 2
00

9)
EU


 5

56
28

7 
 



K Schniebs et al362

number of trees with the setting of maxtree = 2500 
did not have to be increased, since the number 
of best trees remained below 2500; number of 
bootstrap replicates = 10000). For presentation 
of the MP results for ITS-2 one of the 2139 best 
trees was chosen to be able to illustrate branch 
lengths (one showing the same overall topology 
as the majority rule consensus tree was chosen). 
Please note that the phylogenetic hypothesis pre-
sented by the topology is not the focus of this 
study. A very different taxon sample would be 
necessary to clarify the phylogenetic position of 
Austropeplea. 

Results

Molecular genetics  A comparison of the ITS-2 
sequences of the two lymnaeid specimens from 
rice fields in the Spanish province Tarragona 
with sequences in GenBank using the Basic Local 
Alignment Search Tool showed a 97% identity 
to sequences of Austropeplea viridis and a 96% 
identity to a sequence of an undetermined Radix 
specimen from Turkey (Radix sp.). The hypothesis 
of their phylogenetic relationships based on the 
nuclear marker ITS-2 is illustrated as one of the 
2139 best maximum parsimony (MP) trees in Fig. 
2. It shows full or nearly full support for most 
basal branches, for an example the monophyly of 
Lymnaeidae, the clade Lymnaea plus Stagnicola, as 
well as Radix plus Orientogalba. Lower bootstrap 
support is observed for the clade consisting of R. 
ampla, R. lagotis, R. balthica and R. labiata (73%), 
the subclade of R. ampla, R. lagotis and R. balthica 
(71%) and the only clade of interest for the focus 
of this study: only 53% bootstrap support for 
two specimens of A. tomentosa (sequences from 
GenBank) grouping sister with two specimens of 
A. viridis (sequences from GenBank), one Radix 
sp. specimen from Turkey (GenBank), the two 
specimens from the rice fields in Spain and our 
Orientogalba specimens from the SNSD collec-
tion. The species-clades received full support 
including the cluster of A. viridis, the Radix from 
Turkey and our Orientogalba specimens and the 
two specimens from the rice fields in Spain. 

Morphology

The brownish shells of the two Spanish lymnaeid 
specimens have 4.0 and 4.5 whorls. They are 
conical egg-shaped with slightly truncated spire 

whorls (Fig. 3, A, B). The shell heights are 12.8 and 
11.9mm. They show the same shell shape as an 
Orientogalba specimen examined from the Gansu 
province in China (Fig. 3, F, shell height 11.2mm, 
4.15 whorls) and another one from Western 
Mongolia (SNSD Moll S6832, shell height 8.3mm, 

Figure 2  Hypothesis of the species affiliation of 
the two lymnaeid specimens from rice fields in the 
Spanish province Tarragona, based on one of the best 
2139 maximum-parsimony trees of the nuclear marker 
ITS-2 (tree length = 1249, CI = 0.8205, RI = 0.9651). The 
overall topology corresponds to that of the strict con-
sensus tree and does not contain interpretable phylo-
genetic information due to the restricted taxonomic 
representation of lymnaeids. Branch lengths are pro-
portional to the number of substitutions. Bootstrap 
support values above 50% are reported below nodes. 
Specimen labels of Austropeplea tomentosa (sequences 
from GenBank) are marked green, those of the A. vir-
idis (sequences from GenBank) used for comparison 
light blue, the label of the undetermined Radix speci-
men from Turkey (sequence from GenBank) purple 
and those of the specimens formerly assigned to the 
probably synonymous Orientogalba from the mollusc 
collection of SNSD are marked dark blue. The lables 
of the two specimens from Spain are marked red.
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4 whorls). The shells of these Spanish and Asian 
specimens are very similar in size and shape to 
the shells of L. viridis syntypes from Guam Island 
housed in Paris (Fig. 4). But they differ in shape 
from the other three specimens analysed from 
Mongolia and China. In the latter the shells are 

either more conical egg-shaped with rounded 
whorls (Fig. 3, C, shell height 14.5mm, 5 whorls) 
or more egg-shaped with rounded (Fig. 3, D, 
shell height 10.3mm, 4 whorls) or slightly elon-
gated first whorls (Fig. 3, E, shell height 8.7mm, 
4 whorls). One of the shells from Mongolia  

Figure 3  Shell variation of the Austropeplea specimens analysed. The specimens are from A) Spain: Tarragona 
Province, Deltebre, rice field (SNSD Moll S7916, shell height 12.8mm), B) Spain: Tarragona Province, Deltebre, rice 
field (SNSD Moll S7917, shell height 11.9mm), C) Mongolia, Tov Province, river not far from Bayan-Onjuul (for-
merly assigned to the probably synonymous Orientogalba, SNSD Moll S5292, shell height 14.5mm), D) Mongolia, 
Tov Province, river not far from Bayan-Onjuul (Orientogalba as above, SNSD Moll S5294, shell height 10.3mm), E) 
China: Gansu Province, Chuanzhen, Weiyuan (Orientogalba as above, SNSD Moll S5410, shell height 8.7mm), F) 
China: Gansu Province, Wenxian (Orientogalba as above, SNSD Moll S5418, shell height 11.2mm).
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(Fig. 3, D) is not uniformly brownish as all the 
other Spanish and Asian ones examined, but has 
a pattern of whitish and brownish radial stripes.

The mantle pigmentation of the two specimens 
from Spain is very similar. The mantle is grey-
black with irregular light bluish-grey roundish 
blurred patches of different size and the mantle 
collar shows a dark bluish-grey colour with irreg-
ular patches of black (Fig. 5, B). This pigmenta-
tion is almost the same as in the two specimens 
analysed from China (Fig. 5, E, F). The mantle 
of one specimen from Mongolia (Fig. 5, A) is 
grey-black with more distinct white spots, most 
of them with nearly the same size, and a yellow-
whitish mantle collar with irregular patches of 
black. The bluish-black mantle of the other two 
specimens from Mongolia analysed (Fig. 5, C, D) 
is very different, showing distinct whitish dots 
and spots of different size and a bluish-grey 
mantle collar with irregular patches of black. 
The length of the bursa duct could be analysed 
in five specimens. In one specimen from China 
(SNSD Moll S5418, Fig. 6, C) and one specimen 
from Spain (SNSD Moll S7917, Fig. 6, B) the duct 
of the bursa was nearly as long as the bursa. In 
two specimens from Mongolia the ratios of the 
length of the bursa duct to that of the bursa were 
1:1.29 (SNSD Moll S5292 and S5294) and in the 
second specimen from Spain (SNSD Moll S7916, 
Fig. 5, A) this ratio was 1:2.29. 

In all specimens examined from Asia, as well 
as in those from Spain, the bursa duct entered 
on the ventral side into the provagina above the 
female vent.

The ratio of the length of the praeputium to that 
of the penial sheath varies from 1:1.07 (Mongolia, 
SNSD Moll S5294) to 1:0.58 (Spain, SNSD Moll 
S7917, Fig. 6, B) in four specimens from which 
the male genitalia could be studied. 

Discussion

Molecular genetics T he nuclear ITS-2 spacer was 
chosen for our molecular genetic analyses because 
ITS-2 sequences of A. viridis and A. tomentosa are 
available from GenBank for comparison. The 
results of our molecular genetic analyses of the 
nuclear ITS-2 spacer (Fig  2) allow the conclusion 
that the two lymnaeid specimens from rice fields 
in the Spanish province Tarragona are geneti-
cally very close to two specimens of A. viridis 
from Thailand (GU167912, Kaset et al., 2010) and 
Australia (EU556313, Puslednik et al., 2009) as 
well as to the specimen Radix sp. AJ319641 from 
Turkey (Soeke, Aydin Sira Daglari) (Bargues et 
al., 2001) and as the Orientogalba specimens from 
mollusc collection of SNSD from Mongolia and 
China. These seven ITS-2 sequences show a level 
of intra-clade variability in the same order of 
magnitude as that within e.g. Lymnaea stagnalis. 

Figure 4  Syntypes of A. viridis (originally described as Lymnaea viridis) from Guam Island, Pacific Ocean (National 
Museum of Natural History, Paris). Shell height of the left specimen 11.3mm, shell height of the right specimen 
11.2mm.
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We thus conclude that they come from specimens 
belonging to one species, in this case A. viridis. 
The Spanish snails do not belong to the genus 
Radix as originally expected by morphology and 
zoogeography.

Morphology

The shell morphology of both the Spanish and 
Asian specimens analysed in this study show a 

similar variability as Hubendick (1951) found 
within Lymnaea viridis (p. 163, Fig. 351), suggest-
ing that the Spanish snails should be placed into 
this species. A comparison of these shells with 
those of the syntypes of L. viridis (see Fig. 4) also 
supports this hypothesis. But it is almost impos-
sible to distinguish them with certainty from sim-
ilar shells of representatives of the genus Radix, 
in Europe especially R. labiata (e.g. Schniebs 
et al., 2013). The same applies for the mantle 

Figure 5  Variation of mantle pigmentation of the Austropeplea specimens analysed. A) Western Mongolia, small 
pond in the floodplain of the river Khovd (formerly assigned to the probably synonymous Orientogalba, SNSD Moll 
S6832), B) Spain: Tarragona Province, Deltebre, rice field (SNSD Moll S7917), C) Mongolia, Tov Province, river not far 
from Bayan-Onjuul (Orientogalba as above, SNSD Moll S5292), D) Mongolia, Tov Province, river not far from Bayan-
Onjuul (Orientogalba as above, SNSD Moll S5294), E) China: Gansu Province, Chuanzhen, Weiyuan (Orientogalba as 
above, SNSD Moll S5410), F) China: Gansu Province, Wenxian (Orientogalba as above, SNSD Moll S5418).
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Figure 6  Variation of the length of the bursa copulatrix, the length of the bursa duct and the male genitalia. The 
specimens are from A) Spain: Tarragona Province, Deltebre, rice field (SNSD Moll S7916), B) Spain: Tarragona 
Province, Deltebre, rice field (SNSD Moll S7917), C) China: Gansu Province, Wenxian (formerly assigned to the 
probably synonymous Orientogalba, SNSD Moll S5418).
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pigmentation. Similar pigmentations could be 
found in R. lagotis (Schniebs et al., 2015), R. labiata 
(Schniebs et al., 2013), and R. balthica (Schniebs 
et al., 2011). The ratio of the length of the bursa 
duct to that of the bursa shows more variabil-
ity in the five specimens from Spain, China and 
Mongolia analysed, than mentioned in Kruglov 
(2005) for Orientogalba viridis (see taxonomy dis-
cussion below) with a bursa duct 1.6–1.7 times 
longer than the diameter of the bursa. In one 
specimen from Spain (SNSD Moll S7917, Fig. 6, 
B) and in one specimen from China (SNSD Moll 
S5418, Fig. 6, C) as well as in two specimens from 
Mongolia (SNSD Moll S5292 and S5294) analysed 
this character shows nearly the same values as in 
two specimens of R. lagotis from Germany: 1:1.1 
and 1:1.20 (Schniebs et al., 2015).

In three of four specimens analysed (the two 
specimens from Spain and one specimen from 
China SNSD Moll S5418) the phalloteca was 
shorter than the praeputium as described by 
Kruglov (2005). In one specimen (from Mongolia, 
SNSD Moll S5294) the phallotheca was nearly as 
long as the praeputium. This character is thus 
also not suitable for distinguishing A. viridis 
from similar Radix species (Schniebs et al., 2011,  
2013).

Further investigations of the morphology and 
anatomy with more individuals will probably 
show more variability.

Taxonomy

Concerning the genus affiliation of Lymnaea vir-
idis Quoy & Gaimard, 1833, two different views 
exist: 

1. Inaba (1969) assigned the representatives of 
the genus Lymnaea with 16 pairs of chromosomes 
from the eastern part of Asia and Australia, thus 
including L. viridis, to the valid generic name 
Austropeplea Cotton, 1942. Hereafter, the name 
A. viridis was used for this species by a num-
ber of authors (e.g. Ponder & Waterhouse, 1997; 
Correa et al., 2010; Kaset et al., 2010; Dung et al., 
2013). Correa et al. (2010) showed in their phy-
logeny of Lymnaeidae that A. viridis, A. hispida 
(Ponder & Waterhouse, 1997) and A. tomentosa 
(L. Pfeiffer, 1855) (the latter is the type species 
of genus Austropeplea) form a cluster based on 
molecular markers that could be interpreted 
as a genus, confirming the taxonomic posi-
tion of L. viridis within the genus Austropeplea. 

The molecular genetic analysis of a specimen 
of A. viridis from Vietnam by Dung et al. (2013) 
together with two sequences of A. viridis from 
Australia and Thailand and three sequences of 
A. tomentosa from Australia, lead to the same 
result. Only Puslednik et al. (2009) concluded on 
the base of molecular analyses that the inclusion 
of A. viridis in the genus Austropeplea is question-
able. The authors had included other species 
for comparison and a matrix of morphological 
characters, which are, however, determined by 
the environment and the age of the specimen 
according to our analyses. Morphological charac-
ters in Lymnaeidae, especially of shell and geni-
tal organs, are apparently of high variability (e.g. 
Schniebs et al. 2011; Vinarski 2009, 2011; Vinarski 
et al. 2016). Thus, we interpret these phylogenetic 
analyses as biased, due to the inclusion of hyper-
variable, non-diagnostic and thus homoplastic 
characters. 

2. In contrast, the name Orientogalba was intro-
duced by Kruglov and Starobogatov (1985a) 
as a subgenus of the genus Lymnaea Lamarck, 
1799 with L. viridis as type species of the sec-
tion Viridigalba Kruglov & Starobogatov, 1985. 
In other publications, these authors also recog-
nize the status of Austropeplea as subgenus of the 
genus Lymnaea (Kruglov & Starobogatov, 1985b; 
Kruglov, 2005). However, in their opinion L. 
viridis does not belong to Austropeplea, because 
snails of this species do not cover their shell 
with the mantle lobes. This character had been 
described as being characteristic for this genus by 
Cotton (1942). This character does, however, also 
occur in other genera, e.g. Myxas (G. B. Sowerby, 
1822), probably by parallel evolution. Recently, 
both Orientogalba and Austropeplea were treated 
as separate genera (Vinarski, 2013). Ponder & 
Waterhouse (1997) treated Orientogalba as a sub-
genus of Fossaria Westerlund, 1885 (probably a 
synonym of Galba Schrank, 1803).

Our analyses of the nuclear ITS-2 spacer show 
that Orientogalba should probably be regarded 
as a synonym or, at most a separate subgenus 
of Austropeplea, and not of Galba. However, this 
needs further investigations as this contradicts 
the hypotheses for the taxonomic position of A. 
viridis by various authors.

We have to note that the type specimen of 
A. tomentosa is conchologically very differ-
ent from Orientogalba. As already mentioned 
above, this species belongs to the phenotypic 
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(non-monophyletic) group of “mantlesnails”, or 
glutinous snails, with the European genus Myxas 
G. B. Sowerby I, 1822 as being its most typical rep-
resentative (Hubendick, 1951; Kruglov, 2005). The 
shell similarity between Myxas and Austropeplea s. 
str. (sensu Vinarski, 2013) is explained by conver-
gent evolution (Kruglov, 2005) but both genera 
are morphologically much closer to each other 
than to any species of Orientogalba (Kruglov & 
Starobogatov, 1985). Solving this taxonomic prob-
lem was not aim of this study. The entire group 
apparently needs careful revision by a compara-
tive analysis of all taxa in question based on all 
characters that have been used, including those 
from molecular sequences. 

Distribution

Austropeplea viridis has an Asian-Australasian dis-
tribution from Japan (Hubendick, 1951; Ponder & 
Waterhouse, 1997; Köhler & Rintelen, 2011), the 
Russian Kuril Islands (Köhler & Rintelen, 2011), 
the Russian Maritime Province (Kruglov, 2005), 
Mongolia (Hubendick, 1951) and China in the 
north (Hubendick, 1951; Ponder & Waterhouse, 
1997; Kruglov, 2005, Köhler & Rintelen, 2011) to 
Guam (locus typicus), and Papua New Guinea 
(Köhler & Rintelen, 2011). It was introduced to 
Australia (Boray 1978; Ponder & Waterhouse, 
1997; Puslednik et al., 2009; Köhler & Rintelen, 
2011). Our analyses presented in this study show 
that it has been introduced to Europe (Spain) and 
possibly also occurs in Turkey. 

Introduced species impact

The finding of an Asian-Australasian species of 
lymnaeids in Spain and, possibly Turkey, adds one 
more alien species of this family to the European 
malacofauna. To date, the only non-indigenous 
representative of Lymnaeidae in the European 
waterbodies was the Nearctic-Neotropical spe-
cies Pseudosuccinea columella (Say, 1817) intro-
duced via aquaria and greenhouses (Glöer, 2002) 
and now distributed in some Central European 
countries. Given the fact that phenotypically, A. 
viridis may be confused with individuals of Radix 
spp. (Hubendick, 1951; present study), it seems 
likely that this species may occur in other coun-
tries of Southern Europe in the area between 
Spain and Turkey. More molecular genetic studies 
are needed to confirm its cryptic presence there. 

This problem has a clear practical and strongly 
applied aspect, since A. viridis is thought to be 
involved in the fascioliasis epidemiology (Correa 
et al., 2010; Kaset et al., 2010; Dung et al., 2013). 
The discovery of another potential intermediate 
host of the parasitic trematode Fasciola hepatica in 
Europe should be of high interest to medicine and 
should be taken into account in rice field agri-
culture in the province of Tarragona. Indigenous 
(European) intermediate hosts are the Lymnaeid 
species Galba truncatula (O. F. Müller, 1774) (e. g. 
Berghen, 1964; Bargues et al., 2001; Rondelaud et 
al., 2001; Medeiros et al., 2014), Lymnaea stagnalis 
(Linnaeus, 1758) (Berghen, 1964), Stagnicola palus-
tris (O. F. Müller, 1774) (Berghen, 1964; Bargues et 
al., 2001), Omphiscola glabra (O. F. Müller, 1774) 
(Bargues et al., 2001; Rondelaud et al., 2001) or 
Radix labiata (Caron et al., 2007). Obviously, our 
data cannot comment on the frequency of intro-
duction of A. viridis to Europe. It cannot be ruled 
out though, that this is an ongoing process with 
infected individuals from areas with higher den-
sities of outdoor livestock coming into Europe 
regularly. 

Potential invasion mechanisms

The invasion mechanism of A. viridis from Asia 
and Australasia to Europe is unclear and only 
speculations are possible. The first hypothesis is 
a slow and gradual westward dispersion of this 
species from Central Asia to Europe. In this case, 
its finding in Turkey may represent a “stepping 
stone” of this route. This hypothesis could be 
confirmed if A. viridis is found in other regions of 
the Middle East, the Caucasus and South-Eastern 
Europe.

The alternative possibility is a direct migra-
tory bird- or human-mediated transfer of A. 
viridis from Asia and Australasia to Spain. In 
the last years, a number of aquatic alien species 
were found to have been introduced to this area 
by humans, most of them apparently originat-
ing from releases from an aquaculture facility, 
including the rice pest Pomacea maculata Perry, 
1810, and different fishes (Quiñonero Salgado & 
López Soriano, 2013; Franch et al., 2008).

Conclusion

In conclusion, our results report the first find-
ing of an Asian-Australasian lymnaeid species 
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in Europe. They confirm the high potential of 
Lymnaeidae and other taxa of aquatic pulmo-
nates as very successful invaders able to sustain 
transcontinental voyages. High densities of indi-
viduals were observed in the rice field habitats 
sampled (Fig. 1). There is no reason to assume 
that the entire population should not be homoge-
neous with respect to their mitochondrial species 
assignment to A. viridis, although this needs to 
be confirmed by sequencing further individuals. 
If this dense population would indeed entirely 
consist of A. viridis, this would indicate that the 
species is able to form stable occurrences in areas 
very remote from their native ranges. Perhaps, 
the most spectacular example of a successful 
global colonization is Physella acuta (Draparnaud, 
1805), a physid snail of presumably Nearctic 
origin, now widely distributed throughout the 
World including most tropical countries, Europe 
and even southern Siberia. Dillon et al. (2002: 233) 
nominate it as “the world’s most cosmopolitan 
freshwater gastropod”. 

Unfortunately, the exact determination of lym-
naeid snails on the basis of phenotypic traits only, 
may be very misleading due to high intraspecific 
variation preventing the existence of diagnostic 
interspecific characters (see also Schniebs et al., 
2011, 2013; Vinarski et al., 2016). This makes the 
molecular techniques the only reliable tool for 
identification of A. viridis in Europe and thus 
for further monitoring of its spread beyond the 
native range. This is very important, since it is a 
common intermediate host of human and animal 
fascioliasis (e.g. Correa et al., 2010; Kaset et al., 
2010; Dung et al., 2013).
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