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Tab.1 Sampling information of four Pennahia species

/mm
species sampling date ind. SL range otolith fishing type sampling area
L 109°30'~110°00' E
P.anea - ~ Iti-gill net
2010-10 97 100~121 49 multi-gill ne 17930'~17°50" N
L 108°00'~107°50' E
P.macrocephalus - ~ 1ti-gill net
p 2010-10 67 180~226 50 multi-gill ne 17°30'~17°50' N
5 - 107°30'~107°50'E
P. pawak 2010-04 71 156~190 49 multi-gill net 17930'~17°55'N
- 108°00'~107°50'E
P. argen - ~ 1ti-gill
argentata 2010-10 35 178~208 29 multi-gill net 17930'~17°50'N
b
[20-21]
2
b
8 , 6 7 ,
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b b b
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i 122 tipsmall
Pennahia pawak
(Least-squares criterion)
, tpsRelw

1k ta
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1 4 2 8
Fig. 1 Left otolith shapes of four Pennahia species Fig. 2 Locations of eight landmarks sampled by P. aneus
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Fig. 3 Mean shape of sagitta otolith of four Pennahia species
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Fig. 4 The superimposed landmarks vectorization of four
Pennahia species
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Fig. 5 Scatterplots of relative warp scores on the 1° and 2"
(Principal component scores are enlarged 10* times)
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Tab. 2 Relative contribution of each landmark on relative warps

landmark 1 2 3 4 5 6 7 8

/% contribution rate 1.00 2.40 0.40 1.52 3.47 38.67 44.34 8.20

R3 MHEXMHBMSSMET 7 N ERSRFEES TEHE

Tab. 3 Eigenvalues and contributions of the first seven principal components of relative warps scores

1% /%
principal component eigen value contribution rate cumulative contribution rate
1 1.0879 46.57 46.57
2 0.8033 25.39 71.96
3 0.5045 10.02 81.98
4 0.3170 3.96 85.93
5 0.2915 3.34 89.28
6 0.2555 2.57 91.84
7 0.2397 2.26 94.10
total variance 3.4994
—
2 |
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Fig. 6  Grid deformation and variation visualization of four Pennahia species
(Variation are enlarged 3 times)
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Tab. 4 The residual difference force analysis®®
Wilks ' Lambda
. F
step input L
statistics df, df, df, statistics df df, P
1 RWI1 0.225 1 3 198.731° 3 173.000 0.001
2 RW3 0.118 2 3 173 109.268° 6 344.000 0.001
3 RW2 0.062 3 3 173 99.056° 9 416.320 0.001
4 RW9 0.048 4 3 173 80.929° 12 450.069 0.001
5 RWS8 0.039 5 3 173 69.929° 15 466.936 0.001
6 RW6 0.034 6 3 173 61.262° 18 475.661 0.001
7 RWI12 0.030 7 3 173 54.398° 21 480.084 0.001
8 RWI11 0.028 8 3 173 48.741° 24 482.052 0.001

s a. F:b. F.
Note: a, accurate F; b, approximate F.

®x5 4AMAMHEEAMKMOARAZNFTRERY

Tab. 5 Fisher’s linear discriminant functions coefficients of the sagitta shape variables for four Pennahia species

1 2 3 4
character Equationlfor P. argentata Equation 2 for P. pawak Equation 3 for P. macrocephalus Equation 4 for P. anea
RW1 48.473 59.272 49.807 —-138.783
RW2 21.092 57.017 -24.152 -44.856
RW3 3.326 56.521 -85.134 28.382
RW6 -10.972 -39.620 52.977 -7.944
RW8 73.901 36.628 21.705 -102.513
RW9 106.008 67.740 55.332 —-186.940
RWI11 —51.280 20.710 29.867 -20.837
RWI12 -71.247 63.602 -53.313 32.966
(constant) -3.283 -5.076 -4.818 —-10.460




4 1299

k6 4MABRBERFIFGER P

Fig.6  Discrimination results of four Pennahia species*”

discriminated species

item predicted species
P. argentata P. pawak P. macrocephalus P. anea
P. argentata 17(58.6%) 8(27.6%) 4(13.8%) 0
P. pawak 5(10.2%) 44(89.8%) 0 0
result of GDA P. macrocephalus 4(8.0%) 0 46(92.0%) 0
P. anea 0 0 0 49(100%)
P. argentata 17(58.6%) 8(27.6%) 4(13.8%) 0
P. pawak 8(16.3%) 40(81.6%) 1(2.0%) 0
result of crossvalidation P. macrocephalus 0 4(11.1%) 31(86.1%) 1(2.8%)
P. anea 0 0 0 49(100%)
) . a, 88.1% ; b,

85.3%

Note: The number outside the braces means discriminated samples, and the inside means the discriminated proportions. a, 88.1% samples of
the initial grouping case were correctly classified; b, 85.3% samples of cross validation grouping case were correctly classified.
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Using landmark-based geometric morphometrics analysis to identify
sagittal otolith of four Pennahia fish species

HOU Gang'?, LIU Dandan ', FENG Bo'* , LU Huosheng'*

1. Fisheries College, Guangdong Ocean University, Zhanjiang 524088, China;
2. Centers of Fisheries Resources Monitoring and Assessment, South China Sea, Guangdong Ocean University,
Zhanjiang 524025, China

Abstract: We investigated the identification in sagittal otoliths using landmark-based geometric morphometrics
method among four sympatric species of the genus Pennahia: truncatetail white croaker P.anea (n=49), bighead
white croaker P.macrocephalus (n=50), pawak croaker P. pawak (n=49) and white croaker P.argentata (n=29).The
specimens were collected off Beibu Gulf from April 2010 to October 2010. Landmark coordinate values were
extracted after otolith digitized by image processing and processed by relative warp principal component (RW),
thin plate spline analysis and grad distortion. The 12 RW were then identified using discrimination analysis to
differentiate the otoliths of four Pennahia species. The result indicated that, the 1%, 2" and 3™ RW accounted for
46.57%, 25.39% and 10.02% of the total variation respectively, of which Type landmarks 6 and 7, Type
landmarks 5 and 8 had important contributions, and could explain the most variation. The most morphological
variation were displayed in neck, head width pole, and tail of tadpole-shaped sulcus. The gradual discrimination
analysis and cross validation indicated that P.anea, P.macrocephalus and P. pawak got average exactitude
distinguish ratios of 81.6%~100%, while P.argentata 58.6%, indicating that it contained a potential risk by using
the morphology of tadpole-shaped impression owned by Sciaenidae to discriminate the four congeneric Pennahia
species. It is necessary to notice this problem in the related otolith morphology research and application in feeding
ecology.

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