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*
1 1,2 1
(1. 266071; 2. 100049)
( )
(Coilia nasus) , (ANCOVA) (allometric
growth) .
, 50.3% 56.5%,
39.5%—90.0%  34.0%—65.1%; ,
94.8% 98.8% , (
) (
)1
Q179.3
(sagittae) (asteriscus)
(lapillus) (Forsherg et al, 1993; DeVries et al, 2002; Tuset et al,

(Cadrin, 2000; Petursdottir et al, 2006; Farias et al,
2009)

(Campana et al, 1993),

* , 40676086 , 40976084
: 2011-10-08, : 2012-01-04

2003; Tracey et al, 2006; Stransky et al, 2008a, b)

(size variable) (shape variable)

(length) (width) (diameter) (radius)
(radius ratio) (major axis) (minor
axis) (perimeter) (area)
(box) (weight)

(fast Fourier trans-
form, FFT) (elliptical Fourier analysis,
EFA) (Fourier coeffi-
cients) :

, (shape in-
dices), (form-factor, FF)
(rectangularity, area/box) (ellipticity)

, E-mail: szdou@qdio.ac.cn
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(roundness) (circularity)
(fractal dimension, FD)

(eccentricity)

(sexual dimorphism) ,

. 1.2
, 1.21
( , 1999; , 2007; , 2007;
, 2008; , 2010), , 0.1mg, (Nikon SMZ1000,
( , 2007; Wang et al, ACT-2) ,
2011) (Coilia
nasus Schlegel; fi ) ,
, (centroid) ,
: ( 1
, Image Pro-plus 6.0
(Fourier analysis)
1
1.1 (Lord et al, 2011) ,
20 80 ( )
TpsDig EFAW
; TpsDig
( , EFAW
). (harmonics),
4 ,
, (Kuhl et al, 1982) Longmore (2010)
, , 20 ,
, 80 EFAW
( , 2011a, b)
, (A=1, B=C=0), , 77
F1 FBIIHBHEERNEK. AEMXERES
Tab.1 Fish length, fish weight and otolith weight of tapertail anchovy samples of different stocks
(mm)=* (@~ (mg)*
245347 (288.0+27.4) 31—145 (69.0+28.4) 9.2—19.3 (13.122.2) 50
232—348 (285.8+34.9) 30—119 (68.2+26.8) 9.0—20.9 (12.4%2.6) 50
270—348 (325.318.8) 69—152 (111.9+23.1) 11.2—20.9 (15.7+2.0) 43
232—323 (266.2+24.1) 12.5—140 (69.126.3) 9.6—18.5 (13.522.2) 50

i +S.D
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@i

Fig.1 External surface view of left sagittal otolith of tapertail
anchovy

1.2.2

(allometric growth)
(Campana et al, 1993) ,

, 230—350mm ,
[lg(x+1.1)] ,

(ANCOVA)
(DeVries et al, 2002; Petursdottir et al, 2006;
Burke et al, 2008a; Agtera et al, 2011),

( Ricker ),
(Lleonart et al, 2000)

(1)

one-way ANOVA

(discriminant function analysis, DFA)

, (multicolinearty; P<0.05)

ANCOVA

( )
0 ,
Yijcadi) = Yi—bx(Xij— X )
» Yijcadi) i i ,
Yij i j b
) le | J ) )?
(2)
one-way ANOVA
(Lleonart et
al, 2000):
Y =ax? )
IgY = Ig(a) + bxlg(X) +& (2)
b
Y=, [%J ©)
(1) .
(2)
, (3) (Xi, Yi)
(Xo, Y1)
(2) : b, (3)
SAS 9.13 ,

(cross-validation) ,

MANCOVA
(L1, 110—160mm; L2, 190—240mm;
L3, 270—320mm)

(otolith weight)
(P<0.05), ,
(covariate)
, MANCOVA



4 : 705

( 2B) 29
, 35
, (L1, 110—160mm; L2, 190
—240mm; L3, 270—320mm) 25 102 36 39.5%—
90.0%, 50.3%j;
34.0%—65.1%,

P<0.05 56.5% ( 2)
5 (39.5%) (90.0%);
2.1 (34.0%) (65.1%),

64.0%
12
15 ; 2.2
16 19 ( 2 MANCOVA (Wilk’sA= 0.16, P<0.001) ,
(P<
0.05) , ANCOVA ,
66.8% ,
; 23.2% , 19
( 2A) 24 15 ,
13 ;
, 19 )
: 14 ( 3

87.7% ,

: 7.4% , (P<0.05) :

91% :
; 9% ; (

F2 BNHBHANEARSHERRIXEEER

Tab.2 Cross-validation results of otolith morphometrics among tapertail anchovy stocks

(%)* .
n

48.0(24) 30.0(15) 20.0(10) 2.0(1) 50 Otolith weight, rectangularity, FD, 25,
34.0(17) 46.0(23) 20.0(10) 0.0(0) 50.3 50 27, 29, 35, 43, 45, 60, 62, 63, 66, 70,
32.6(14) 20.9(9) 39.5(17) 7.0(3) 43 75

4.0(2) 2.0(1) 4.0(2) 90.0(45) 50
40.0(20) 32.0(16) 14.0(7) 14.0(7) 50 Otolith weight, rectangularity, FD, 13,
38.0(19) 34.0(17) 14.0(7) 14.0(7) 56.5 50 21, 25, 27, 29, 35, 40, 43, 45, 58, 60,
18.6(8) 9.3(4) 65.1(28) 7.0(3) 43 62, 63, 66, 70, 75

16.0(8) 12.0(6) 8.0(4) 64.0(32) 50
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4 A 3A)
. 18 59, 94.5% L2
R a (95.1%), 3 2
2F L. P S L1 L3 ; L1 L3
o, 5 St 2 L2 ( 3)
P Oa s ‘ogn Og"
C;‘ +4 + =) a AAAI%O o & a o y 86%
o |+ * o+ ++++ Q B4 1o o
£ 0+ +i. % AAD gl g O , 14% y
% + * '_*,'_IV & Déﬁ OOA o
- * Ne © ( 3B)
# + ° Hgo, B
ot ¢ g 21 8
-2 F
* . : 98.8% L2 (100%),
(o] (o]
L1 L3 1
4 b . L2( 3)
-4 -2 0 2 4 3
Function 1
3.1
4re
o )
Oog o ,
OO
2 —
o OO + Q% i o
o T;]OOD c?[hi_ ¢ %J A A
o o +9:D%i°+ﬂ°°l o B, . (Tuset et al, 2003; Stransky et al,
4+ ¢}
gor T B *AS; P 2008b; Farias et al, 2009; Longmore et al, 2010; Neves
= + % F '++ 2 & e 85 0 s t al 2011
[ ot +IV+ %: AEP@ HI% ° et al, ),
+ o, v, Y oa 2 (DeVries et al, 2002; Tracey
-2 LO o .° gml“” et al, 2006; Burke et al, 2008a, b; Stransky et al, 2008a;
’ B & o Agiera et al, 2011; Capoccioni et al, 2011; Wang et al,
* Al 2011),
+ IV
4L * AR ( 4 )
-4 -2 0 2 4
Function 1 (Petursdottir et al, 2006; Tracey et al, 2006; Ferguson
2 et al, 2011) :
Fig.2 Scatter plot of DFA on otolith morphometrics of tapertail Gadus morhua
anchovy stocks '
A. ‘B, I I, 21%—60%,
;L IV

51%—80% (Petursdottir et al, 2006)

#3 KIODFREGRKEANSHHEAESHERIXMEER
Tab.3 Cross-validation results of otolith morphometrics of tapertail anchovy among fish length groups in the Yangtze River Estuary

(%)*

n a
L1 L2 L3

L1 92.0(23) 8.0(2) 0.0(0) 94.5 25 Roundness, area, 9, 17, 18, 31, 39, 40,

L2 2.9(3) 95.1(97) 2.0(2) 102 46,49, 53, 54, 57, 59, 60

L3 0.0(0) 5.6(2) 94.4(34) 36

L1 96.0(24) 4.0(1) 0.0(0) 98.8 25 Roundness, area, perimeter, FD, mean

L2 0.0(0) 100.0(102) 0.0(0) 102 diameter, 5, 8, 9, 11, 13, 17, 18, 21, 29,

L3 0.0(0) 2.8(1) 97.2(35) 36 31, 40, 46, 54, 59

L% .a
. )
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3 (L1—L3)
Fig.3 Scatter plot of DFA on otolith morphometrics of tapertail :
anchovy of different fish length (L1—L3) in the Yangtze River
Estuary '
A. , B. J
(DeVries et al, 2002)
Argyrosomus japonicus 48%
74%, 83% ,
(Ferguson et al, 2011) , 3.2
Latris
lineata , 47%  72%, ,
75% (Tracey et al,
2006) (Lombarte et al, 1993) ,
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Tab.4 Summary of fish stock identification using otolith shape analysis in recent literature

Clupea harengus 2 Form-factor, roundness, circularity, rectangularity, 81%—100% Burke et al, 2008a
ellipticity, EFA
2 Circularity, rectangularity, roundness, form-factor, 86%—87% Burke et al, 2008b
ellipticity, EFA
Anguilla anguilla 3 Biometric measures, EFA >81% Capoccioni et al, 2011
2 Circularity, rectangularity, EFA 89% Agliera et al, 2011
Scomberesox saurus saurus
Gadus morhua 5 Avrea, perimeter, FFT 17%—77% Campana et al, 1993
2 Area, contour length, max internal distance, longest 75%—87% Cardinale et al, 2004

axis perpendicular to max internal distance, distance
between centroid and rostrum (AP1), distance between
centroid and postrum (AP2), angle between AP1 and
AP2, FFT
5 Length, width, perimeter, circularity, rectangularity, >70% Galley et al, 2006
axis major, axis minor, max and min diameter, max
and min. radius, breadth, FFT

3 Length, width, area, perimeter, circularity, rectan- : 21%—60%, Petursdottir et al, 2006
gularity, FFT " - 5104—80%
3 Length, width, perimeter, area, EFA >89% Stransky et al, 2008a
2 Area, length, width, perimeter, circularity, rectangu- 26%—97% Begg et al, 2000
Melanogrammus aeglefinus larity, FFT
Merluccius sp. 6 : Area, perimeter, convex perimeter, max length, max 68%—100% Torres et al, 2000

height, max height caudal colliculum, max height

collum, collum caudal collicum length, collum ostial

colliculum length, EFA

4 Circularity, rectangularity, roundness, ellipticity 43% Longmore, 2010

Coryphaenoides rupestris




figSerranus cabrilla
Trachurus trachurus

fiff ~ Coryphaena hippurus

Argyrosomus japonicus

Aphanopus carbo

Scomberomorus cavalla
it Sicyopterus sp.

il
Synechogobius ommaturus

il

Helicolenus dactylopterus

Hippoglossus stenolepis
Latris lineata

Form-factor, roundness, circularity, rectangularity,
ellipticity, eccentricity,

EFA

Avrea, perimeter, rectangularity, circularity, eccentricity,
FD, EFA

Circularity, rectangularity, roundness, form-factor,
ellipticity, EFA

EFA

Perimeter, area, FFT

Circularity, rectangularity, roundness, form-factor,
ellipticity, EFA

Area, perimeter, length, width, circularity,
rectangularity, Fourier harmonics

EFA

Otolith length-width ratio, otolith weight, FFT

Perimeter, area, the longest axis, EFA

64%—69%

>80%

57%—70%

: 48%,
1 74%,
+ 1 83%
>87%

71%—78%

: 100%
1 97%
30%—77%

1 70%
1 67%
L 711%—74%
1 64%—65%
1 72%,
1 47%
+ 1 75%

Tuset et al, 2003

Stransky et al, 2008b

Duarte-Neto et al, 2008

Ferguson et al, 2011

Farias et al, 2009

DeVries et al, 2002

Lord et al, 2011

Wang et al, 2011

Neves et al, 2011

Forsberg et al, 1993

Tracey et al, 2006
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(Campana et al, 1993; ;

DeVries et al, 2002; Galley et al, 2006; Petursdottir et
al, 2006; Tracey et al, 2006; Burke et al, 2008a;

Duarte-Neto et al, 2008; Agtiera et al, 2011)

(Lleonart et al, 2000) ’ (Lombarte et al, 1993; Cardinale et
50.3% (39.5%—90.0%) al, 2004)

56.5% (34.0%—65.1%)

' (Lombarte et al, 1993;

> Gagliano et al, 2004) ,
> > , =
> >
( 1
39.5%, 65.1%), , ,
(
90%  64%) , , :
( ), LA-ICPMS
, Campana 46.2%—92.3% ,
(1993) 72.7% :
(46.2%),
, MANOVA MANCOVA ( 92.3% 76.9%
- 58.3%) ,
L (
: , 2011b)
) ( ) i
( ):

94.5% (92.0%—95.1%)  98.8% (97.2% ,
—100%), ,
MANOVA MANCOVA
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(Longmore et al, 2010; Ferguson et al, 2011),
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, 1999.
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OTOLITH SHAPE ANALYSIS AND ITS APPLICATION IN FISH STOCK
DISCRIMINATION: A CASE STUDY

DOU Shuo-Zeng*, YU Xin*2 CAO Liang*

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

Abstract This study was to discriminate four tapertail anchovy Coilia nasus stocks in the coastal waters of the Bohai
Sea and the Yangtze River Estuary of China by means of otolith shape analysis including size variables and shape variables.
Removing fish length effects on otolith shape analysis and stock identification by both ANCOVA adjustment and allometric
growth adjustment were also critically assessed. Results showed that these two adjustment methods achieved an overall
classification success (discriminant function analysis) of 50.3% (39.5%—90.0%) and 56.5% (34.0%—65.1%) for the four
geographical stocks, respectively, where no significant difference is observed. Otolith morphometrics differed significantly
among the three fish length groups of the tapertail anchovy in the Yangtze River Estuary, suggesting that otolith shapes
could change markedly as fish grows. ANCOVA adjustment and allometric growth adjustment on fish length produced an
overall classification success of 94.8% and 98.8%, respectively, for the three fish length groups in this region. In general,
otolith shape variables (e.g., rectangularity, roundness, fractal dimension and the Fourier coefficients) could contribute
more to the success of stock identification than size variables (e.g., perimeter, mean diameter, weight and area), whereas a
combination of both kinds of variables could obviously improve the ability of otolith shape analysis to effectively dis-
criminate stocks.
Key words

Fourier analysis,

Otolith, Morphometric variables,
Tapertail anchovy Coilia nasus

Discriminant function analysis, Fish length adjustment, Elliptical



