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Xy (Relative ,
Warp, RW) , , ( ,2012)
1.1
, , ( , 2012), 1
(Rohlf et > 7
al, 1993), )
(Bookstein, 1990; s
2007, ,2010) (2007) (2007)
, 1.2
( , 1.2.1
1999; , 2010; , 2012), (Bookstein, 1990), (Type
[ landmark) ,
(Nemipterus, (Perciformes)
(Nemipteridae)) , , ,
) “ ? ; (Type 1I landmark)
1 (Type III landmark) ,
, (Bookstein, 1990; , 1998; ,2011)
(population) (stock) 11 , 16 10 11 I
(Klingenberg et al, 2003; Paul et al, 2013) ,2 4 9 1 ,1 3 5 7 8
, III ( 2, 2) 7
) , I
(Nemipterus nemurus) , I Tpsdig2
(N. japonicus) , (V. 11
virgatus) . bathybius) , 5 ( )
, 1 1—11 X y (2D)
(GB12763.6)( , 2007)
1 MMEZamERER
Tab.1 Specification of samples of four Nemipterus species
(mm)
N. nemurus 2007.09 56 24 110—138 133:?8::218?;;2\?
N. virgatus 2010.04 54 32 136242 RPA
N. bathybius 2010.07 71 36 113—156 I?Z;’;’g,'jg?;’g%‘i
N. japonicus 2010.09 65 35 132—198 107°15—108°50°F

18°50'—19°30'N
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1
2 11
Fig.2 Positions of 11 landmarks in N.nemurus
(partial warps)
(relative warps),
(relative warps scores) TpsRegr
REGLE ’ ’
1.2.3
(relative warps scores)
R Bayes R
SPSS17.0
| 2
Fig.1 Shapes of the left otolith of four Nemipterus species 21
x2 HMRREBREEX 4 ,
Tab.2 The landmark types and definition , (10.50mm),
. (5.23mm);
. (6.93mm), (3.38mm)
10 ’ ’
11 ’ ’
I s >
2 10
4 4 , , ,
9 10
1 . ’ ’
1 ’ , ,
z (3
; 2.2
g TpsRelw
4 s
1.2.2 Tipsmall 5
(Least-squares criterion) , 18 , 1
, TpsRelw 30.78%, 2 28.44%, 3
, 11.75%, 70.97%
(mean shape) , 1 2 6 11
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Fig.3 The scatter diagrams of length vs width, form factor, roundness, rectangular ratio, aspect ratio, sulcus and total area ratio

@3
04
®2
@10
o L e
@6
o7
@9
Y
4
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Fig.3 Relative contribution of each landmark on relative warps
1 2 3 4 5 6 7 8 9 10 11
(%) 0.88 6.06 1.05 0.89 0.35 45.68 29.67 0.75 0.78 8.67 5.18
6 1 2 ( x10%)
Fig.6 Scatterplots of relative warp scores on the 1* and 2" (Principal component scores are enlarged 10” times)
a: ;b ;ce ;d: ;e
R 3, 91.4%;
( 6 7 11) ( 10), 32 R 1,
(ventral side) 96.9%:; 36 ,
( 2)( 6) 4, L,
2.3 86.1%; 24 R
18 (Relative warp scores, RW) 2, 91.7%( 6, 7)
Bayes ; 6 o UAMBLE o RAE4E
SPSS R Al A TEE o HEATES
RWI 2 3 6 7 10 11 12 17 9 < ° o o0
(One a %‘ 2 .O o On % % E Dn
-W 2
y e ot .é) o 5 &0 o
ANOVA) ,RW6 7 10 12 4 Sor SL88° 8 o oy
5. 'o‘o - D “
(P 0.05), , 4 , L e ¢ Ad
[ ]
, 5 46 4 2 o 2 4 6
’ 4 R (86.1%)
R 5
) 7 4
(Wilks" Lambda , P 0.001, 5), Fig.7 Scatterplots of canonical discriminant principle functions

, 35

for four Nemipterus species
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Tab.4 Fisher’s linear discriminant functions coefficients of sagitta shape variables for four Nemipterus species
1 2 3 4
RWI —231.445 116.969 218.450 ~146.110
RW2 30.451 1.465 -57.174 39.401
RW3 -27.349 -48.023 37.896 47.070
RWI11 -201.546 12.949 167.624 25.220
RW17 -158.969 25.725 17.827 170.789
-7.863 -3.772 -7.457 -5.029
RW: Relative warp scores,
£5 BERINSH
Tab.5 The residual difference force analysis
Wilks’ Lambda
F F
dfl df2 df3
dfl df2 Sig. df1 df2 Sig.
1 RWI1 0.137 1 3 123.000 257.289 3 123.000 0.000
2 RW2 0.088 2 3 123.000 96.449 6 244.000  0.000
3 RW3 0.056 3 3 123.000 73.991 9 294.633 0.000
4 RWI11 0.042 4 3 123.000 61.402 12 317.782 0.000
5 RW17 0.038 5 3 123.000 50.013 15 328.908 0.000
RW: Relative warp scores,
*6 4MELBHEAHINER
Fig.6 Otolith discrimination results of four Nemipterus species
32(91.4%) 0 0 3(8.6%)
0 31(96.9%) 1(3.1%) 0
0 4(11.1%) 31(86.1%) 1(2.8%)
2(8.3%) 0 0 22(91.7%)
31(88.6%) 0 0 4(11.4%)
0 30(93.8%) 2(6.3%) 0
0 4(11.1%) 31(86.1%) 1(2.8%)
2(8.3%) 0 0 22(91.7%)
91.3% , 89.8%
>
> >
97.9%—98.6%( , 2012),
91.3% 89.8% ,
3 S ’
>
3.1
(t,=-3.475, P=0.074 0.05; ©,=-3.311, P=0.080
, 0.05),

89.8%—91.3% , ,
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GEOMETRIC MORPHOMETRICS OF SAGITTAL OTOLITH OF FOUR NEMIPTERUS
FISH SPECIES

HOU Gang"?, WANG Xue-Feng""?, ZHU Li-Xin’>, LU Huo-Sheng"? FENG Bo"’

(1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China; 2. Fisheries Resources Monitoring and Assessment
Centers of South China Sea, Zhanjiang 524025, China; 3. College of Marine, Shandong University, Weihai, Weihai 264209, China)

Abstract

of genus Nemipterus: redspine threadfin bream N. nemurus (n=24), golden threadfin bream N. virgatus (n=32), yellowbelly

Identification of sagittal otoliths was investigated in geometric morphometrics among four sympatric species

threadfin bream N. bathybius (n=36), and Japanese threadfin bream N. japonicus (n=35). Specimens were collected in
Beibu Gulf from September 2007 to September 2010. Landmark coordinate values were extracted after otolith digitized by
processing image using relative warp (RW) as principal component, and grad distortion via thin plate spline. Eighteen RW
values were used to differentiate the otoliths among four Nemipterus species. The result indicate that the 1%, 2™ and 3™
RWs accounted for 30.78%, 28.44%, and 11.75% of the total variation, respectively, among which Type I landmarks 6, 10,
and 11, Type landmarks 2, and Type III landmark 7 are important contributors, and could explain the most variation.
Success in identifying the otolith could reach 91.3% by RW-based gradual discrimination, or 89.8% by cross validation,
indicating that the geometric morphometrics is a potential tool in distinguishing Nemipterus species with otolith.

Key words sagitta otolith; geometric morphometrics; landmark method; thin plate spline analysis; discriminant

function analysis; Nemipterus



