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Tab.1 The day classification success based on the sagitta shape variables from the 4th to 25th day after hatching
%
species classification success
/d
day age Hypophthalmichthys Ctenopharyngodon Aristichthys total classification success
molitrix idellus nobilis
4 77.42(31) 83.87(31) 77.78(27) 79.69
5 76.47(34) 74.19(31) 74.19(31) 74.95
6 80.65(31) 77.5(40) 73.53(34) 77.22
7 91.18(34) 77.5(40) 81.48(27) 83.39
8 89.66(29) 84.38(32) 96.88(32) 90.30
9 100.00(34) 90.91(33) 87.88(33) 92.93
10 97.22(36) 91.43(35) 85.29(34) 91.31
11 100.00(36) 87.5(40) 96.97(33) 94.82
12 97.14(34) 94.59(37) 94.59(37) 95.44
13 96.97(32) 100.00(41) 100.00(34) 98.99
14 96.88(31) 100.00(30) 100.00(34) 98.96
15 100.00(34) 100.00(32) 100.00(36) 100.00
16 96.77(30) 100.00(31) 100.00(38) 98.92
18 100.00(25) 100.00(32) 100.00(35) 100.00
20 100.00(30) 100.00(25) 100.00(33) 100.00
21 100.00(32) 100.00(27) 100.00(26) 100.00
23 100.00(29) 100.00(19) 100.00(15) 100.00
25 100.00(21) 100.00(17) 100.00(17) 100.00
Note: The numbers in brackets are sampling numbers.
#2 REASHESHEBHNHRKRINE
Tab. 2 Classification success based on the morphology development stage of the sagitta
%

species classification success

otolith morphology

Hypophthalmichthys molitrix

Ctenopharyngodon idellus

Aristichthys nobilis

total classification

success

round shape
near-round shape
oval shape
rhombic prophase
rhombic shape
needle rhombic shape

66.67 (105)
77.50 (80)
89.29 (94)
97.40 (77)
95.56 (45)
100.00 (62)

56.14 (114)
85.00 (80)
91.84 (98)
97.26 (73)

100.00 (102)
100.00 (43)

60.64 (90)
82.28 (79)
89.29 (84)
97.73 (88)

100.00 (114)
100.00 (38)

61.02
81.59
90.23
97.48
99.23
100.00

Note: The numbers in brackets are sampling numbers.
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Tab.3 The test success from the discriminant analysis based on the morphology development stage of the sagitta
%

test success

otolith morphology

Hypophthalmichthys molitrix  Ctenopharyngodon idellus

Aristichthys nobilis

total test success

round shape 36.00 (25) 44.00 (25) 28.00 (25) 36.00
near round shape 60.00 (20) 55.00 (20) 55.00(20) 56.67
oval shape 70 .00(20) 95.00 (20) 75 .00(20) 80.00
rhombic prophase 90.00 (20) 90.00 (20) 95.00 (20) 91.66
rhombic shape 70.00 (10) 85.00 (20) 100.00 (20) 85.00
needle rhombic shape 90.00 (20) 90.00 (20) 100.00 (20) 93.33

Note: The numbers in brackets are sampling numbers.

x4 ETREAERREARMKEF AR IIE
Tab. 4 The classification success based on the sagitta shape variables at separate development stage
%

species classification success

development stage

total classification

Hypophthalmichthys molitrix ~ Ctenopharyngodon idellus ~ Aristichthys nobilis success
51.61 (31 66.10(59 67.24(58 61.65
one chamber air bladder stage (1) (59) (58)
. 54.69(64) 58.75(80) 71.72(99) 61.72
exhaustion of york stage
67.50(80 72.45(98 90.16(61 76.70
differentiation of dorsal fin stage (80) %) (61)
o 81.63(49) 93.42(76) 77.05(61) 84.03
chordal tip lifting stage
98.44(63 98.11(53 96.08(51 97.54
two chamber air bladder stage (63) 63 (1)
98.32(119 97.14(102 92.19(128 95.88
ventral fin bud stage (119) (102) (128)
98.41(63 100.00(93 98.85(87 99.09
formation of dorsal fin stage (63) ©3) S
100.00(36 100.00(36 100.00(43 100.00
formation of anal fin stage (36) (36) (“3)
100.00(44) 100.00(23) 100.00(23) 100.00

formation of vertral fin stage

Note: The numbers in brackets are sampling numbers.



974 19

F#5 AREAKEREFRERMERFAIZKINE
Tab.5 Classification success based on the sagitta shape variables within different body length groups
%

species classification success
/em

body length group

total classification

Hypophthalmichthys molitrix Ctenopharyngodon idellus Avristichthys nobilis success
0.86~0.90 83.33 (42) 100.00 (31) 91.18 (34) 90.65
0.90~1.00 83.95 (81) 93.75 (48) 93.44 (122) 90.44
1.00~1.10 98.28 (58) 100.00 (49) 96.88 (64) 98.25
1.10~1.20 97.06 (34) 100.00 (38) 100.00 (43) 99.13
1.20~1.30 100.00 (35) 100.00 (26) 100.00 (33) 100.00
1.30~1.45 97.22 (36) 100.00 (71) 98.11 (53) 98.75
1.45~1.75 98.53 (68) 100.00 (86) 99.07 (108) 99.24
1.75~2.15 100.00(74) 100.00(34) 100.00 (61) 100.00

Note: The numbers in brackets are sampling numbers.
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Species identification at the larval and juvenile stages for several
Chinese domestic fishes by elliptical Fourier analysis of otolith form

ZENG Xiangbo®, ZHANG Guohua®

1. Fisheries College of Jimei Uiversity, Xiamen 361021, China;
2. Institute of Hydrobiology, The Chinese Academy of Sciences, Wuhan 430072, China

Abstract: The sagitta morphological development of laboratory cultured Hypophthalmichthys molitrix, Aristich-
thys nobilis, and Ctenopharyngodon idellus during the postembryonic development stage was studied. Stepwise
discriminant analysis was used to distinguish these three species based on the day ages after hatching, sagitta
shapes, postembryonic development stages and different body length groups by elliptical Fourier analysis of oto-
lith morphology. The results showed that the total classification success (%) all increased gradually. The classifi-
cation success was 79.79% on the fourth day after hatching, above 90% on the tenth day after hatching, and up to
100% after 18 days. The classification success was below 90% before the chordal tip lifting stage and above 95%
after the two chamber air bladder stage. According to the sagitta morphology, the classification success at round
and near round stages was 61% and 81%, respectively, but was over 90% after the oval stage. The classification
success based on different body length groups was initially over 90%. So, if only compared by classification suc-
cess, the approach based on different body length groups performed the best. The approach based on sagitta mor-
phology and postembryonic development stages was more general in use.

Key words: Fourier shape analysis; otolith; larval and juvenile; species identification
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Sagitta otoliths ontogeny of the three domestic fishes



