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Fig.l1 The landmarks on the aperture of Littorina

2
Fig.2 The landmarks on the body whorl of Littorina
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Tab.1 The characteristics of spiral whorl and ribs of Littorina

L. scabra 8 (3) (2)

L.brevicula 6 (1) o

N.exigua 6 (1) 2)

N.pyramidalis 7 (2 3)

2.1 PCA
4 PCA ( 2 , PC1
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0.0023, 25.295%, PC3 0.0017,
19.094%, 3
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Tab.2 The first three principal components of the shape variation of the aperture of Littorina

Principal component Eigenvalue Variance explairfef;)(%) Cumulative variance ex(;fa)ined (%)
(PC1) 0.0029 31.638 31.638
(PC2) 0.0023 25.295 56.934
(PC3) 0.0017 19.094 76.028
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Tab.3 The first three principal components of the shape variation of body whorl of Littorina
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Principal component Eigenvalue Variance explained(%) Cumulative variance explained(%)
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A GEOMETRIC-MORPHOMETRY-BASED STUDY ON PHYLOGENY OF FOUR
LITTORINA (GASTROPODA: LITTORINIDAE) SPECIES

CHEN Nan-Hual,

LIANG Ren-Jie',

BAIYi"?, WANG Hai-Rui’

(1. Zhejiang Provincial Key Laboratory of Plant Evolutionary Ecology and Conservation, Taizhou 318000, China ; 2. Institute
of Ecology, Taizhou University, Taizhou 318000, China, 3.Sports Science Insititute, TaizhouUniversity, Taizhou 318000, China)

Abstract

In geometric morphometrics, we studied the shape variation of four species of Littorina (Gastropoda:

Littorinidae) species of Dachen Island, Zhejiang, East China. The body whorl and aperture of Littorina were digitized at

key landmarks. Methods of Procrustes analysis, principal component analysis (PCA), and thin-plate splines analysis were

used to process the data and get the shape difference in body whorl and aperture of the four species. In addition, the

relationship between morphological difference and environmental adaptability of the intertidal zone was revealed. As

indicated in PCA and thin-plate splines analyses, the apertures of these Litforina showed no significant difference in

statistics, but the body whorl. In particular, L. brevicula differed from other three species in body whorl width and height;

and N. exigua distinguished itself in the sixth spiral whorl (LM6 and LM9) and body whorl. In phylogeny on the body

whorl data of the four Littorina species, L. scabra was most closely related to N. pyramidalis, then to L. brevicula, and

finally N. exigua. The ancestral tracking shows that the 6-layered spiral whorls and thinner ribs are the ancestor traits of

Littorina, from which 7- and 8-layered spiral whorls evolved, as well as the coarse ribs and sharped ribs on the shell

surface.

Key words Littorina;  aperture; body whorl;

Phylogeny

geometric morphometrics;

principal component analysis;



