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Table 1 Localities, numbers,body mass and standard length in specimens studied(Mean—+S.D.)
/g /mm
Species Collect time Sli::lapl?tr;fg Sc:;i: Number iiii SI:;:?;d
Poyang Lake Ap 82 406.50+£101.15 313.80+18.81
2012.11— Taihu Lake At 53 338.72178.04  315.77+24.63
C. alburnus 2014.12 Danjiangkou Reservoir Ad 101 324.28+155.83 283.26+57.17
Lijiang River Al 20 233.361+162.34 247.514+50.59
Lushan West Sea Reservoir Mpl 60 237.484+57.21 255.50£20.78
2012.11— Xinmiao Lake Mpx 56 222.35+57.51 257.62+£19.69
C. mongolicus 2014.12 PEZiZg Nanbeigang Lake Mpn 64 279.514+136.80 259.50+43.66
Basin Qinglan Lake Mpq 74 286.724+102.91 275.60130.60
Zhangjiang River Mpz 34 464.63+219.35 303.72+58.21
2012.11— Poyang Lake Dp 99 251.174108.54 246.87+27.28
C. dabry 2013.12 Taihu Lake Dt 54 154.214+37.40 228.86+17.65
2013.6— . .
A. nigrocauda 2013.12 Minjiang River Nm 113 302.96+221.50 250.72+61.35
1.2 (2] ,4
N s ’ N N N
KQ-250DV 30 min, N N N
55 C 24 h, N
(m,), 0.000 1 mg, .
t .4
(P>0.05),
. Olympus
SZX16 ,  cellSens Entry
R 0.000 1 mm, W,
0.000 1 mm?*,
(L) (W), (A,
P, (L), (L),
(L, :
1, L,
’ Ze Lo: Otolith length; W, Otolith width;
1.3 Ly: Pterygoid length; L. Central protrusion
Excel 2000 Statistica 6.0 length; L. Base leaf length.
° 4 W()/L 0~ LP/ 1
L,.L./L,.L,/L, R Fig.l1 Characteristics of the otolith
[11] morphometrics measured
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Table 2 Statistics for the otolith morphometric characteristics

Characteristics

C. alburnus

C. mongolicus

C. dabry

A. nigrocauda

m,/mg
Mass
Lo/mm

Length

Wo/mm
Width

Ao/mm?

Area

P()/mm

Perimeter

Lp/mm

Pterygoid length

0.009 7£0.002 9
(0.004 3~0.017 2)

4.308 8£0.520 3
(2.732 6~5.745 5)

3.699 0£+0.395 9
(2.580 8~4.713 7)

10.037 2+£2.120 7
(4.345 6~16.403 8)

22.461 243.520 8
(12.393 3~32.713 6)

1.026 0£0.193 3
(0.515 5~1.642 0)

0.012 640.004 6
(0.004 5~0.037 7)

4.877 2£0.701 0
(3.215 1~7.584 0)

3.956 1+0.433 2
(2.845 6~5.605 4)

12.105 7£3.072 1
(5.776 3~26.415 4)

22.618 242.867 7
(12.905 2~32.592 2)

1.184 04£0.226 7
(0.398 0~1.865 2)

0.017 5£0.007 2
(0.007 9~0.044 8)

4.768 1£0.965 2
(3.242 9~6.632 7)

4.065 1+0.763 4
(2.793 2~5.810 0)

12.166 94.459 7
(5.793 4~22.676 2)

22.538 244.828 5
(13.550 3~35.543 1)
1.271 8£0.284 9
(0.717 8~2.059 2)

0.021 340.015 8
(0.002 5~0.082 0)

4.663 2£0.705 4
(2.959 7~6.602 5)

4.130 840.626 7
(2.679 9~6.104 1)

12.279 7£3.607 0

(5.065 2~26.427 7)
22.379 5424.256 7
(12.415 7~33.240 9)

1.160 30.232 7
(0.686 8~1.795 5)

0.740 92£0.210 4
(0.254 8~1.300 3)

0.767 810.183 5
(0.266 7~1.517 1)

0.853 520.208 5
(0.375 3~1.447 2)

L¢/mm 0.812 640.264 8

Central protrusion length (0.301 9~1.528 0)

0.653 6£0.144 2
(0.256 8~0.995 8)

0.607 4£0.138 5
(0.222 3~1.086 8)

0.523 6£0.157 2
(0.230 1~0.916 0)

Ly/mm 0.702 240.227 9

Basal leaves length (0.273 8~1.439 6)

, ~ . Note: Data in the table are represented by the average value plus or
minus the standard deviation, and in parentheses are minimum to maximum values.
o o
' 2

[13] , L.;= lgL/lgSL ’

A, =1gA/lgSL* R 2.1
o b b
6 (shape factor) 6 o ) s
(shape indices)"%, 3. o s
3 ’ b b Y Y
Table 3 Shape factors and shape indices from the otoliths s 2 ,
Shape factor Shape index 20 s
(Coefficient of form,C )=
Fi1=P,/ (A)"? ey ’ ’
4"‘A(>/Pf)
Fo=P /I (Roudness,R )= 29.70, N N
2 =Po/Lg AA /nL, , 32.55.32.20,32.05,
(Circularity,C) =
Fy=P /W, e 2.2
P4L/AG 4

N (Rectangularity ,R ;) =

Fi=AD'"/L, y " N N N
A/ (Lo XW )

N (Ellipticity, E, ) = N N

Fs=(A VW, ) "
(Lo=W/(L,+W) R Y=uaX"
(Surface density,S,) = _

Fe=W,/L, Yo Y=a+0X a.b

M()'/A()
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Table 4 Parameters of the regression equations between body and otolith

Regression C. alburnus C. mongolicus C. dabry A. nigrocauda
. Parameters
equation Y=aX" Y=a+bX Y=aX" Y=a+bX Y=aX" Y=a+bX Y=aX"? Y=a+bX
a 3.165 5X10°  1.733 6 4.799 2X10* —19.048 4 4.274 9X10° 39.994 5 4.151 6>X10* 19.224 9
- b 1.4858 3.557 3X10' 1.1826 2.403 6X10' 0.7447 1.013 1X10' 1.290 0 1.331 9X10%
mym
poe r 0.750 3 0.680 8 0.810 4 0.803 2 0.699 5 0.723 7 0.920 8 0.951
a 56.778 5 5.899 6 57.063 1 5.298 7X10° 160.884 7 1.729 1105 46.649 8 5.071 310!
17 b b 1.187 3 72.699 5 1.038 8 5.940 2X10' 0.2704 1,530 7X10' 1.082 2 4.253 4X 101
e r 0.744 2 0.704 5 0.867 6 0.864 5 0.505 8 0.506 0 0.866 7 0.838 8
a 0.7695 —681.5491 1.870 2  —651.454 5 18.8133 —170.2624  1.3750 —514.4457
- b 1.323 3 256.764 2 3.325 2 211.654 8 1.604 1 87.672 9 3.3451  173.830 2
myDg r 0.818 8 0.749 6 0.864 1 0.860 8 0.746 2 0.737 2 0.856 1 0.949 5
a 0.0300 —312.3078  0.056 4 —472.2393  4.9454  —75.1050  0.0039 —498.618 4
- b 2.888 7 2.9331X10°% 2.7059 3.340 6X10°2 1.1926 1.2958X10° 2 3.548 9 3.581 8X10 2
my=P o r 0.778 3 0.672 6 0.783 0 0.700 5 0.597 7 0.618 2 0.805 3 0.688 3
a 1.686 6  —206.1058 3.6158 —181.6420 28.015 6 6.000 2 1.380 7 15.040 2
- b 2.271 6 5.505 6X107° 1.7259 3.841 1X10°° 0.8053 1.733 8X10°5 2.0658 2.344 7X10°°
mpAg r 0.836 3 0.760 5 0.862 6 0.862 8 0.740 2 0.763 9 0.750 5 0.381 8
1.686 0X —1.235 8X 4.819 0X —1.251 3X 3.237 7X —0.745 8X 3.296 2X —2.714 4X
) “ 109 10-° 1077 102 10-° 109 107 102
- b 1.110 8 3.679 6X10% 1.8131 9.375 6X10~% 1.554 2 1.1315X10°7 1.980 9 1.936 31077
r 0.664 7 0.579 3 0.823 2 0.784 0 0.411 5 0.402 9 0.886 9 0.750 6
3.223 4% —1.363 9X  2.926 3X —2.168 9X  1.203 2X —1.523 3X  3.666 5X —3.719 6X
) “ 107" 1072 107" 102 10°° 102 10" 1072
my Dy, b 2.4313 5.827 0X107% 2.508 2 7.759 5X10% 1.7697 7.404 1X10~% 2.537 0 1.244 0X10
r 0.911 9 0.888 9 0.951 1 0.944 4 0.876 3 0.871 5 0.909 7 0.951 1
1.073 3% 6.781 9% 3.292 0¥ 3.352 5%
a S —431.556 7 o —614.288 1 - —407.899 1 - —467.118 9
B 1075 106 1075 1075
myLy b 3.0201 2,619 9X107% 3.126 1 3.353 7X10°% 2.8497 2.5980X10°% 2.8621 3.071 4X10°?
r 0.912 6 0.789 3 0.972 6 0.937 2 0.708 7 0.660 9 0.914 7 0.850 7
2.3 0.705 9,Wilk’s A 0.325 0,chi—Sqr. 903.18,
1) 4 o 4 F(21,2297) 52.424,P 0.000 0,
Canonical R
= —3971.38—280.7L , —4069.1W , +9900.6A , +5529.03P , —711.31L, —9.14L . +875.82L 5
=—4075.33—77.31L ,—4192.25W +10022.36 A, +5487.81P , —685.48L , —4.16L . +847.88L ,;
=—4101.05—11.53L , —3593.53W , +9443.97A , +5414.93P , —638.33L, +15.26L . +810.29L , ;
= —4123.82—405.2L , —3763.94W +10007.71A ,+5441.85P , —664.26 L ,+1.47L . +879.59L ,
.4 W, Ly Ly S,
71.11%, 2) o
. 82.42% .81.60% ,
. 45.13%, . . 65.60% , 6,
66.95% .22.06% .10.99%, .
100.00% . . . R
W, ALy 75.61%.9.80% .7.74 %,
W()‘L()‘Ao’ A()\ 93.15%,
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54 N A()‘Po’ W()‘
A L. Ag W,
Table 5 Standardized coefficients for canonical L L
variables of the 1%,2" and 3™ discriminant orTee
functions for otolith morphometrics of four culters ’ 3
Characteristics 1 Root 1 2 Root 2 3 Root 3 ( * N ) ’
L, —0.632 0% 1.542 3%  1.429 4% , 4 (
W, —1.175 5% —2.316 5%  2.045 1* R . . ) , 3
Ag 0.760 9* 0.765 2%  —3.709 3*
P, 0.414 8 0.197 1 —0.143 6 ’ A
Ly —0.3512 —0.126 0 0.197 7 ~ ’
L —0.164 1  —0.076 4 0.204 6 2,
Ly 0.338 2 —0.2807 —0.660 9* 2.4
Eigenva 0.993 3 0.327 4 0.163 0
/% Cum. prop 66.95 89.01 100.00 4
s % 0.5 . Note: * shows coefficients ’ N 4458y N
greater than an absolute value of 0.5. 35.28 V N 11.34 % , 91.20 V °
At
Ap
| Ad
Mpl
— v
I Mpn
Mpq
Al
Nm
Dt
Dp
2.‘4 2i2 2.IO l.l8 l.l() l.l4 ll.2 ll.() OI.8 O.GMPZ
2

Fig.2 UPGMA cluster based on morphological characters of culter’s populations

6
Table 6 Correct percent for all samples of the discriminant functions analysis for culter’s populations %
Population coding Correct percent Population coding Correct percent Population coding Correct percent
Ap 74.39 Mpl 53.33 Mpz 73.53
At 39.62 Mpx 69.64 Dp 63.64
Ad 70.30 Mpn 50.00 Dt 85.19
Al 55.00 Mpq 56.76 Nm 60.18
63.09
Total correct percent
Fo Ce F Cr EL Fy, 3
Fs, F;.Ry.F,,
R, 7, ’
[16]
A b

3. 4. . Yamauchi "
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Table 7 Standardized coefficients for variables of the 1%t,2" and 3" principal

component for otolith shape factors and shape indices

Eigenvariable PC1 PC2 PC3
Fy 0.769 6* —0.635 1 0.041 4
F, 0.924 0* —0.358 2 0.117 6
F, 0.571 4 —0.789 7* 0.219 7
Fy 0.629 9 0.739 7* 0.235 4
F; —0.710 5* —0.437 8 0.541 1
Fs 0.729 0* 0.666 4 —0.146 7
Cr —0.771 6* 0.574 7 —0.073 0
Rp 0.624 4 0.743 3* 0.236 9
Cr 0.756 0* —0.641 1 0.031 3
R —0.001 2 0.421 6 0.897 0*
E. —0.740 3* —0.649 9 0.150 8
Sp 0.197 2 —0.042 2 —0.193 2
Eigenvalue 5.349 6 4.233 9 1.360 6
Prop 44.579 7 35.282 5 11.338 7

Cum. prop 44.58 79.86 91.20

0.7 . Note: * shows coefficients greater than an absolute value of 0.7.

[ A C. alburnus
O C. mongolicus .
8 @ C.dabry
A A. nigrocauda
6F
.
.
4_
.
2_
& .
b .
1 or *® o
®
-2}
—4F
—6f A
-12 -10 -8 -6 -4 -2 0 2 4 6

H—E 4 PCL

Fig.3 Scatter plots of 1** vs. 2™ principal component for otolith shape factors and shape indices
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Fig.4 Scatter plots of 1* vs. 3™ principal component for otolith shape factors and shape indices
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Comparative studies on multivariate morphometrics
of asteriscus of four culters

XIE Zhenzhen ZHANG Huahao HU Liangxiong ZHANG Xiaogu

School of Pharmacy and Life Sciences,Jiujiang University,
Jiangxi Province, Jiujiang 332000,China

Abstract Eight characteristic values of asteriscus from 810 individuals in four culters species,inclu-
ding Culter alburnus,C. mongolicus,C. dabryi and Ancherythroculter nigrocauda , from 9 sampling
points,were measured,and the regression analysis between culter’s body growth and otolith growth,and
multivariate statistical analysis of morphological characters,six shape factors and six shape indices were
analyzed using Statistica software. The results showed that; (1) There were significant differences of the
asteriscus morphology among the four culters. (2) Power function regression equation could better de-
scribe the relationship between the culter’s body growth and otolith growth than linear regression equa-
tion. The regression equations between culter’s body quality and otolith quality,and between standard
length and otolith diameter were approximate to linear regression relation, with the exponential value of
regression equation between body quality and otolith diameter and standard length being 3.5 and 3,and
between otolith quality and otolith diameter being 2. The growth rate of otolith mass was similar to that
of body mass,but the growth rate of otolith mass relative to otolith length was slower than that of body
mass relative to standard length or otolith length. (3) Discriminant function analysis of culter’s morpho-
logical characters had an accuracy of 71.11% ,and the characteristic values that had great influence on the
identification were OW,OA,OL and BL,etc. Through principal component analysis of the shape factors
and shape indices,F2,F1,F6,F5 and CF,CR,EL,etc. had a greater influence on the recognition of shape.
(4) Through otolith morphological characters discriminant analysis and cluster analysis among culter
populations,it could be better distinguished from three Changjiang groups of C. alburnus (from Taihu
Lake, Poyang Lake, and Danjiangkou Reservoir), the Lijiang group, and five Poyang Lake groups of
C. mongolicus ({rom Xinmiao Lake, Nanbeigang Lake, Qilang Lake., Lushan West Sea Reservoir, and
Zhangjiang River), with the group clustering distance associated with geographic distance among the
populations. In short,asteriscus shape analysis in this study provides a basis for correlation analysis a-
mong culter species or populations.

Keywords culters; asteriscus; morphometrics; regression analysis; multivariate analysis
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