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Abstract: Radula as a unique feeding organ is a useful morphological character to identify molluscs. The
scanning electron microscopy (SEM) was used for comparison of radula’s morphology of two invasive
species Pomacea canaliculata, P. maculata and one native species Cipangopaludina chinensis. The radulae
were extracted from four individuals of each apple snails and three individuals of C. chinensis. Surrounding
tissue on the radula was removed manually and then placed in 10% sodium hydroxide for approximately 24
hours to remove any remaining tissue. The radula was then dried briefly and fixed on the copper plate and
coated with gold. A series of parameters of the central teeth (Fig. 1) from the three species were measured by
the software SmileView. The data were analyzed by Statistica 10.0 software package. Results suggested that
the radular formula of the three species was 2 41 4 4 2, including one central tooth, one lateral tooth and other
two marginal teeth on each side (Fig. 3a, e, i). The main discrepancy between the two apple snails was the
central teeth. The first cusp of the central tooth of P. canaliculata was shorter and wider, not as sharp as that
of P. maculata (Fig. 3b, f). There were significant differences in the ratio of the length of the first cusp/the
width of the central tooth, and the width of the first cusp/the width of the central tooth between the two apple
snails (P < 0.001, Table 2). The morphology of lateral tooth and marginal tooth for the two apple snails were
similar (Table 1). However, the number and morphology of the central teeth, lateral teeth and marginal teeth
were different among these three species (Table 1, Fig. 3). The first cusp of the central tooth was triangle, and
three small cusps arranged symmetrically on both sides between the two apple snails. The species of C.
chinensis had a short, broad, square cusp of the central tooth, bounded by four short, pointed denticles on
each side. There were one small sharp cusp inside the big cusp of lateral teeth and two small cusps outside of
that in the two apple snails. Three small serrated cusps were observed beside the big cusp of lateral teeth in C.
chinensis. The inner and outer marginal teeth were similar in the two apple snails. The central cusp of the
marginal tooth was sharp, with a small cusp near it. The central cusp of the inner marginal tooth was extruded
in C. chinensis, and the outer marginal tooth had 8 - 10 small pectinate cusps. There were significant
differences in the ratio of the width of the first cusp, the length of the first cusp, the length of the second cusp,
as well as the width of the second cusp to the width of the central teeth between apple snails and C. chinensis
(Table 2). The morphology of the radula is related to diet in order to adapt a wide variety of foods. The two
apple snails were polyphagous, mainly feeding on vegetal (primarily young rice-crops) and animal matter,
while C. chinensis ate microorganisms in the soil and humus phytoplankton in the water. Different feeding
strategies could be one of the factors influencing interspecific differences in radula.

Key words: Pomacea canaliculata; P. maculata; Cipangopaludina chinensis; Radula; Morphology
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Fig. 1 Measurements of the central teeth parameters
WC. lihife; WCF. thkihsh —5GE5E; LCF. PRIGH ORI LCS. Hrif s —5GR1K; WCS. Hhhihi 58 —5GE 58 .

WC. Width of the central teeth; WCF. Width of the central teeth’s first cusp; LCF. Length of the central teeth’s first cusp; LCS. Length of the

central teeth’s second cusp; WCS. Width of the central teeth’s second cusp.
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Fig. 2 Shell morphology of Pomacea canaliculata, P. maculata and Cipangopaludina chinensis

a~d. #7412 P. canaliculata; e ~h. #5742 P. maculata; i~1. +[E 5 FH1Z C. chinensis.
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Table 1 Radular data among the species of Pomacea canaliculata, P. maculata and Cipangopaludina chinensis

3225 Flanking cusp

L/ " ik A ik Ak
Species R Lateral tooth Inner marginal tooth Outer marginal tooth
Central tooth
A Inner 4k Outer P Inner  4b Outer A Inner 41 Outer
#7712 Pomacea canaliculata 3 1 2 1 - 1 -
HFFIZ P. maculata 3 1 2 1 - 1 -
Hp E 5 H12 C. chinensis 4 3 3 4 4 - 8~10

Ferh =7 FORR KRB A S Bk /MG ik . “— notes that the inner marginal tooth or outer marginal tooth is not found.
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Fig. 3 Radular morphology of Pomacea canaliculata. P. maculata and Cipangopaludina chinensis
a~d. #7712 P. canaliculata {5 (x50) « Hroetli (x150) « M (x150) « Zkiki (x150) 5 e ~h. @A P. maculata [k (x50) «

Pt (<1500 . i (<1500 « Zkiki (x150) 5 i~ PEEHIRKLE (<1000 o R (<5000 Ml (<5000 + Zkiki (<500) .
a - d. Radula (x50), central teeth (> 150), lateral teeth (> 150), marginal teeth (> 150) of P. canaliculata; e - h. Radula (< 50), central teeth (<
150), lateral teeth (> 150), marginal teeth (><150) of P. maculata; i - I. Radula (< 100), central teeth (><500), lateral teeth (><500), marginal teeth

(><500) of Cipangopaludina chinensis.

CT. Wik, CTF. HRiGH 5, CTS. PRNHE—IGR; LT. Wh; MT. Ziki; IMT. W&ik; OMT. Fh&ik.

CT. Central teeth; CTF. Central teeth's first cusp; CTS. Central teeth’s second cusp; LT. Lateral teeth; MT. Marginal teeth; IMT. Inner marginal
teeth; OMT. Outer marginal teeth.
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Table 2 The morphological data of radula of Pomacea canaliculata, P. maculata and Cipangopaludina chinensis

y _ AU AR H 5] R R
T A5 T o . P Gl
. Pomacea canaliculata P. maculata Cipangopaludina chinensis o
Morphological characters Statistical results
(n=4) (n=4) (n=3)
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. . b c 2 F, 5 =487.32
The width of the first cusp to 0.333 5 +0.000 76 0.246 7 +=0.002 26 0.353 7 +0.004 62 P <0.01
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SRS Yk T _

X a b ¢ F23=1198.23

The length of the first cusp to 0.414 6 +0.002 35 0.326 3 +0.001 05 0.259 5 +0.003 21 P <001
the width of the central teeth '
R ek v
The width of the second cusp 0.137 4 +£0.001 14° 0.137 8 £0.000 36 0.165 5 +0.006 57° Fa5=24.69
to the width of the central P <0.01
teeth
GRS P Yk
The length of the second cusp 396 g 4. 904 227 0.317 5 +0.001 27° 0.220 3 +0.003 25 Fa8=275.71
to the width of the central P <0.01
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(P<0.05).

Data are expressed as Mean +SE; F-values of one-way ANOVA are indicated in the table. The data with different superscripts in the same

row are significantly different (P < 0.05).
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