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Tab.1 Formulae of the otolith shape indices
, (form-factor) (4nA)/P?
1 (circularity) P/A?
(rectangularity) A/(OLxOW)
1.1 (roundness) (4A)/(=OL?)
(ellipticity) (OL-OW)/(OL + OW)
20 80 (aspect-ratio) oL/ow
P A , OL , OW
(
) ,
[n=33, (Fourier analysis)
120—203mm, (184+21)mm, (Elliptical Fourier
] [n=48, 170—234mm, (201+16)mm] function) ,
[n=24, 124—150mm, (141+8)mm]
[n=50, 134—203mm, (165+22)mm] , (Polar Fourier
1.2 function)
1.2.1 ,
, ( 0.1mg)
(Nikon SMZ1000, ACT-2) ,
( 1
(fractal dimension) (Fast Fourier trans-
(centroid) form) (Lord et al,
, 2011) :
; TpsDig
EFAW , (2012)
1.2.2
Image Pro-plus
6.0 , ,
1
(size variable) Fig.1 External surface view of ) (
6 sagittal otolith of C. mystus )
(shape indices; 1) (form-factor) ,
: 1, :
; 1, (roundness) (Campana et al, 1993)
(circularity)
(rectangularity) , , (Tukey test) ,
1, (ellipticity) ( )

(Tuset et al,

2003) (aspect ratio)

, (Kolmogorov-Smirnov
test) (Leneve’s test)
(log, tan  square),
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2

2.1
21.1

, (2012)
(Wilk’s 1=0.663, P<0.05) |,

2.1.2

Yijagp = Yi— b % (Xi— X)

+ Yiiadi i j i (Wilk’s 1=0.684, P<0.05),
i i . b y Xij
i . X
, 2.2
, 2.2.1
NPARIWAY (P<0.05),
, , (P>0.05),
SAS PROC DISCRIM (P=0.05),
, (P<0.05),
(covariance matrices) ,
, (cross-
validation) , PROC (P<0.05, 2
CANDISC ,
PROC DISCRIM , ;
PROC CANDISC )
SAS9.13 P<0.05 .

x2 RBEARSEERFEERILE

Tab.2 Differences of the morphological variables of otoliths among C. mystus stocks

R? P Tukey R? P Tukey
0.18 <0.05 a b bc ac 0.44 <0.05 a b c ac
0.2 <0.05 a b b a 0.75 <0.05 a b b c
0.22 <0.05 a b b a 0.9 <0.05 a b c d
0.05 0.05 ab ab a b 0.06 <0.05 ab ab a b
0.06 0.03 a a a a 0.06 0.06 a a a a
0.1 <0.05 a b b b 0.17 <0.05 a b b b
0.12 <0.05 a b b b 0.23 <0.05 a b b b
0.13 <0.05 a b b b 0.23 <0.05 a b b b
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, 19 , 13 (68%) .6 (32%)
, R? , 3
3.1
2.2.2 (46.2%),
9
, 10 ( 3 (68.2%) ,
, ( 61.5%
(61.5%), 53.9%) ( 61.5%),
(26.3%), 46.2%
50% , .
; 38.1% ;
, ( ; 88.9%
2a) 11 26.3% 68.4%
, 4
( , :
1—40) '
19 ( 9
3) : ,
(53.9%), (88.9%),
68.4% 19 ) ,
61.5%, 68.2%
60.9% , )
30% , 12 9 (75%)
( 2b) 4 , 6

*3 REBHAEARSTEANANSTRZXIERER
Tab.3 Cross-validation results of canonical discrimination analysis on the morphological variables of otoliths among C. mystus stocks

(%)
n

61.5(16) 15.4(4) 0(0) 23.1(6) 46.2 26 Otolith weight, 4, 8, 11, 16,
47.4(9) 26.3(5) 0(0) 26.3(5) 19 23,24, 28, 30, 33
56.5(5) 11.1(1) 0(0) 33.3(3) 9
19.2(5) 19.2(5) 0(0) 61.5(16) 26
53.9(14) 34.6(9) 0(0) 11.5(3) 68.2 26 Otolith weight, Fractal dimension,
21.1(4) 68.4(13) 0(0) 10.5(2) 19 Circularity, Rectangularity, Roundness,

0(0) 11.1(1) 88.9(8) 0(0) 9 4,7,8,10,11, 16, 17, 22, 23,

7.7(2) 23.1(6) 7.7(2) 61.5(16) 26 24,33, 34, 36, 50, 52, 58, 67, 69, 77
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STOCK IDENTIFICATION OF COILIA MYSTUS USING
OTOLITH SHAPE ANALYSIS

YU Xin*?, CAO Liang', NAN Ou“? ~ZHAO Bo"“? DOU Shuo-Zeng*

(1. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of
Sciences, Qingdao, 266071; 2. University of Chinese Academy of Sciences, Beijing, 100049)

Abstract In this study, the morphology of the sagittal otoliths of Coilia mystus from four stocks along the Chinese
coastal waters (Liaodong Bay, Bohai Bay, Jiaozhou Bay and Changjiang River Estuary) were investigated using otolith
shape analysis. Shape indices and Fourier coefficients were used as morphological variables and were statistically analyzed
by both ANOVA and ANCOVA (otolith length as a covariate) to examine their differences among stocks. The results re-
vealed that most of the morphometric variables of the otoliths examined in the study differed significantly among the four
stocks in both statistical analyses. ANCOVA adjustment and nonparametric test were thereafter run to identify the effective
variables for stock identification using discriminant function analysis. ANCOVA adjustment identified only otolith weight
and 9 Fourier coefficients, whereas nonparametric test could keep more variables (otolith weight, roundness, fractal di-
mension, circularity, rectangularity and 19 Fourier coefficients) as the effective morphological variables of otoliths for
identifying stocks. Accordingly, classification success (68.2%) of stock identification based on nonparametric test was
higher than that (46.2%) based on ANCOVA adjustment, suggesting that the former statistical analysis could show stronger
ability of otolith shape analysis to identify the stocks than the latter one.

Key words sagittal otolith; morphology analysis; stock identification;
test; Coilia mystus

ANCOVA adjustment and nonparametric



