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Table 1 Localities, numbers, body mass and standard length in specimens studied(Mean=+S.D.)
WiEh P %%i& FEA 2 T A Wit/ g A/ mm
Species Collect time Samp?mg SamAple Number Body Standard
locality coding mass length

FBBH# Poyang Lake Ap 82 406.50+101.15 313.80+18.81
LA 2012.11— K Taihu Lake At 53 338.72+178.04 315.77+24.63
C. alburnus 2014.12 FHI 7K Danjiangkou Reservoir Ad 101 324.284155.83 283.264+57.17
YT Lijiang River Al 20 233.36+162.34 247.51450.59
W iii%vest Sen Reservoir Mpl 60 237.48457.21 255.504:20.78
7 | 2012.11— Pi{ig Brp Wl Xinmiao Lake Mpx 56 222.35+57.51 257.624+19.69
C. mongolicus 2014.12 Lake ML Nanbeigang Lake Mpn 64 279.51-£136.80 259.50+43.66
Basin ¥ Qinglan Lake Mpq 74 286.724102.91 275.604230.60
# YT Zhangjiang River Mpz 34 464.634219.35 303.724:58.21
PLNANY 2012.11— HPH#H Poyang Lake Dp 99 251.17+108.54 246.87427.28
C. dabry 2013.12 K Taihu Lake Dt 54 154.214+37.40 228.86+17.65
A%i]r&ofifia 220()1133"61; YT Minjiang River Nm 113 302.96221.50 250.724-61.35

12 BAESFHBERINAE

fif AR A R AL LK S .
P E R KQ-250DV ¥ Uk 30 min, B J5 K -7 ik
AHEF 55 CHERE 24 h, 78 TR A S F B F XF
FRECH-A B8 Gm ) - KG 8 3] 0.000 1 mg. 22 f H-
RS ¢ K R L 4 B0 28 A8 A B R A )
W% 2R (P>>0.05), KA oE ¥k H 22 B A it
TS %EE, ¥HA BT Olympus R0 8 H# 5
SZX16 F#EAT 5% 5% . LA cellSens Entry i 17
BFFAEAE DN &, 4 B2 HEDORS 6 31 0.000 1 mm, [ AR
BAEREHE) 0.000 1 mm?, B H A EE B E
ARG HAK L) VAW ) AR A,
HARRK PO B K (L) R (L 3
K (L) B 1w BRI B o6 36 28 1 3 43, UL &
1. ARBEIEREAE A 5 KO8 A4S B 5006 Y R T A2
GHAVYE, B S ERR RS W% 2.
1.3 BHAESZFHESITAZ

iz H Excel 2000 FI Statistica 6.0 {4 oFF7 %%
WA BN Gy e, X4 RREAE A W, /Lo L,/
Lo L./LL,/L #4750 HF 75 25080, Wik 5 A
T4 B R AE A AF AE Pl ) (25 25 5 4 ik o =0

AR AR ik 4 B 43 0 SR HLAA B it 5 B
Jr o R RS H A AR R RS A R R T
HFHHAMR AKEHE AR BAalie 5K,
Hop B 5 A JA2 R 5K R R 5 A
LR AN E  HAHKE D, =L ,+W, /2,

Ly: B 41 & Otolith length; W, H 47 % Otolith width;
L,: BIFK Pterygoid length; L.: H1 4% £ Central protrusion
length; L. FEI K Base leaf length.

Bl BEAESEERILIE
Fig.1 Characteristics of the otolith

morphometrics measured
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Table 2  Statistics for the otolith morphometric characteristics

FEAE

Characteristics

R i)

C. alburnus

ER

C. mongolicus

eyt
C. dabry

I 2160

A. nigrocauda

it m,/mg
Mass

£ Lo/mm
Length

& Wo/mm

Width

M Ao/mm?’
Area

JAK Po/mm
Perimeter

FK Lp/mm
Pterygoid length
FREK Le/mm

Central protrusion length

H K Ly/mm

Basal leaves 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 24+2.120 7
(4.345 6~16.403 &)

22,461 243.520 8
(12.393 3~32.713 6)

1.026 0+0.193 3
(0.515 5~1.642 0)

0.740 940.210 4
(0.254 8~1.300 3)

0.653 6220.144 2
(0.256 8~0.995 8)

0.012 640.004 6
(0.004 5~0.037 7)

4.877 240.701 0
(3.215 1~7.584 0)

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

12.105 743.072 1
(5.776 3~26.415 4)

22,618 24+2.867 7
(12.905 2~32.592 2)

1.184 0+0.226 7
(0.398 0~1.865 2)

0.767 8+0.183 5
(0.266 7~1.517 1)

0.607 4220.138 5
(0.222 3~1.086 8)

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 9£4.459 7
(5.793 4~22.676 2)

22.538 24+4.828 5
(13.550 3~35.543 1)

1.271 840.284 9
(0.717 8~2.059 2)

0.853 540.208 5
(0.375 3~1.447 2)

0.523 620.157 2
(0.230 1~0.916 0)

0.021 3£0.015 8
(0.002 5~0.082 0)

4.663 2£0.705 4
(2.959 7~6.602 5)

4.130 8£0.626 7
(2.679 9~6.104 1)

12.279 74£3.607 0
(5.065 2~26.427 7)

22.379 5+4.256 7
(12.415 7~33.240 9)

1.160 3+0.232 7
(0.686 8~1.795 5)

0.812 6+0.264 8
(0.301 9~1.528 0)

0.702 2£0.227 9
(0.273 8~1.439 6)

e 3 B DL S sk Aw o 22 RoR 55 O FR/ME ~ - K{H . 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.

Xof B A TR A5 B i REAE A 43 0 HE AT 9 R R R
Z A Uuiﬂlﬁﬂ‘ﬁ R T AN [e) KA S A B A
T 25 BE B R AE A A9 52w, SR X B LE R A 4 O
PRV R BRI L = 1gL /1gSL & T BUH
RHUA = 1gA /1gSL” 15, I K I % e 5 545 A2
R R I OC R M . OB A S B R AR
H#H R 6 NS T (shape factor) f1 6 N A
T8 % (shape indices)M* 1%, HREE W IL 3 3,
*3 HARSEFMESEHNITHE

Table 3 Shape factors and shape indices from the otoliths

JE &K F Shape factor JE A 8% Shape index

) L& R (Coefficient of form,Cp) =
Fi=P,/ (AD'?
47‘A()/Pf)
['U’_!ITE(Roudness,RD):
F,=P,/L, ,
4A0/7‘1‘f)
3552 BE (Circularity,C ) =
Fs=P,/W, S R
PL/A,
4 ¥ ¥4 35 % (Rectangularity ,R ;) =
Fi=ADY? /L, ’

A/ (Lo XW )
W 18 2 (Ellipticity , E, ) =
(Lo—W)/(Ly+W)
I} % J¥ (Surface density,S;)=
M/A

Fs=ADV/W,

Fe=Wq,/L,

N

N

B 12 D H AT 7 FOE S48 BB k17 2 4%
ER .

2 ERG55MH

21 HHEREHFAES

P24 B H A O P O i L S 9 [ T A [
. Hofr i e A R A i G AR L o e X s B
R SERE A B N A% X, il 2 HLOE R, 2 4 1A
R, 2RI 5 DB RETER K8 AR
— H 2 AL TR] A 1) N M3 O R | e 58
FFEM:, AR EAREHLIE 20 S H A RO g R R
AEEIIL R RS T RS DO SN S R )
29.70, 5%y R 3k I L R R AT 41 6 B S B H
R4 A5 R 32.55.32.20,32.05,
22 BERAEKEGHEEKERAGRE

AR 4 MofARE S HARE KiES5H

FENER NG R AN N N R RSN TR AN

KE5HEAHEA BFalES5EK 5afiaSHEaH
7 AR SRR R R BE I R Y =a X A
LRBITAT Y =a+bX Wa.b BE LR
Bor W4,

=
T
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Table 4 Parameters of the regression equations between body and otolith
- s b i 35 i LI 41 8
Regression S8 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 4.799 210" —19.048 4 4.274 9X10° 39.994 5 4.151 6X 10 19.224 9
i - B A b 1.485 8  3.557 3X10' 1.1826 2.403 610" 0.7447 1.013 1X10' 1.290 0 1.331 9X 10
my,-m
Boo 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 1X10° 46.649 8 5.071 3> 10
P
VM\I Hfﬁ‘l b 1.187 3 72.699 5 1.038 8  5.940 2X10*  0.2704  1.530 7>X10* 1.082 2 4.253 4X10*
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 07695 —681.549 1  1.8702  —651.454 5 18.8133 —170.2624 1.3750 —514.445 7
- A b 4.3233  256.7642  3.3252  211.654 8  1.604 1 87.672 9 3.345 1  173.830 2
my=D 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 0.039 0 —312.3078  0.0564 —472.2393 4.9454  —75.1050  0.0039 —498.618 4
- H A b 2.888 7 2,933 1X10°2 2.7059 3.340 6X 1072 1.192 6 1.2958X10°2 3.548 9 3.581 §X 102
my=P g 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
A0 o - A T A b 2.2716 5.505 6X10°° 1.7259 3.841 1X10°5 0.8053 1.733 8X10°° 2.0658 2.344 7X 105
myp-Ag 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 8%  4.819 0X —1.251 3X 3.237 7X —9.745 8X  3.296 2X —2.714 4%
a
A . 105 103 1077 102 10 109 1077 102
HA -k
. b 11108 3.679 6X10~% 1.813 1 9.3756X10~8 1.5542 1.1315X10~7 1.9809 1.936 3>X10~7
r 0.664 7 0.579 3 0.823 2 0.784 0 0.4115 0.402 9 0.886 9 0.750 6
3.223 4X  —1.363 9X  2.926 3X —2.168 9X 1.203 2X —1.523 3%  3.666 5X —3.719 6X
a
o iy 10+ 102 10 102 109 102 10+ 102
B - Ha HAR
my Dy, b 24313 5.827 0X10~% 2.508 2 7.759 5X10~% 1.769 7 7.404 1X10~% 2.537 0 1.244 0X10~2
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 oo —431556 7 —614.2881 7 —407.899 1 "7 L0 —467.118 9
NGNS
. b 3.020 1 2.619 9X10~% 3.126 1 3.353 7X10~% 2.849 7 2.598 0X10~% 2.862 1 3.071 4X 10~
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
23 BERAESEEHMEEH S SE S H 9 0.705 9, Wilk’s A 25 0.325 0, chi—Sqr. 5903.18,

1) A Fopfif H A7 25000 eR ECor A . 4 AR H A7
T 25 B S R AF (5 ) 531) PR %5 i 78 14 53 #7 Canonical R
M0 = —3971.38—280.7L

K= —4101.05—11.53L , —

ML T 4T = —4123.82—405.2L  —

) 53] oK B 53 B 2R WL 4 Tl A A AR AR A 0 00 TF B
BN T Y6, He v S ) R 52 oy 40 25 v ) 0 5 E

—4069.1W , +9900.
STl = —4075.33—77.31L , —4192.25W , +10022.36A , +5487.81P,

F(21,2297) 52.424, P ¥:350.000 0, 45 (% ) 51
PR35 R
6A,+5529.03P,,

—711.31L,—9.14L . +875.82L 5

—685.48L, —4.16L . +847.88L

3593.53W, +9443.97A , +5414.93P , —638.33L,+15.26L . +810.29L 5
3763.94W ,+10007.71A , +5441.85P , —664.26L,+ 1.47L . +879.59L

w,.L

(O

oLy WS,
2)@EE¥4$HZE%;U#MJIJ§&%$}? AR 0 2 A

B3, o0 5 0 82,4206 .81.6000 » SR AT £0BA B IE (R H- A7 T 25 B Bk AR AE (840 591 BR 48053 HIT 5040 ) 1 A %
Bl RALAR . R 45,1300 S — BB B S HIBI R BR O 65.60 %6, 4% B 1A B 50 1E B R LK 6, R TF B

B BTk R 9 K 66.95%.22.06% ,10.99 % , Bt 5t
HRR IR E] 100,00 % . HeAv 8 — AR AE 52 i 4 K A R AE

=

AR AR A T 3% BAE Fof DA TR R ) A SR 9 4 )

w R BRRE AR [B) AN 5 DX 03 o 55— VB A = R
R W AL 58 R W R B FRAE(E O AR Sk % 43 3k 75.61%9.80%7.74%,%ﬁﬁ

sty —

oA

=24
w

W, L,.A MR 52 W B R R IEE N A

=24
57

kR IR 093,15 %0, Ho v 2 — MR A 52 0 55 K B9 R AR
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Table 5 Standardized coefficients for canonical
variables of the 15,2 and 3" discriminant

functions for otolith morphometrics of four culters

$FAE Characteristics 1 Root 1 #R 2 Root 2 #3 3 Root 3

HAK L, —0.632 0% 1.542 3" 1.429 4*
HH%E W, —1.175 5 —2.316 5  2.045 1"
HAamM A, 0.760 9*  0.7652*  —3.709 3"
HARK P, 0.414 8 0.197 1 —0.143 6
K L, —0.3512 —0.126 0 0.197 7
PR L —0.164 1  —0.076 4 0.204 6
Hr L, 0.338 2 —0.2807 —0.660 9"
FRIE{H Eigenva 0.993 3 0.327 4 0.163 0
Z3F Ttk %/ % Cum. prop 66.95 89.01 100.00

e * KT 0.5 WAR#E R 4. Note: * shows coefficients

greater than an absolute value of 0.5.

HHR AP 5 ARE R A KRR IR W, .
A L5 = MAEZ WA RGREIEERIA, W, .
Lo L. K802 A% 25 B R AE 15 ) 51 R 4
GIAT AR B HEAT SR 2 A3 B R WYL S 6 3 NI
REAR R 30 BH L PR 100 K ) B8 Sy — 3 H 3
PR VLA Al S — S, S A B BH T 4 AN FE A (R
POIE BT R L Us D R — 3 3 SR
HJ5 T BRI L0 R A — R 3K A R A A4
T [ 71 980 B 30 AR | 5 oy P B VAR SR AR SR 2, L
2,
24 BERAESBEFRESEHERS ST

4 B E AR A T FOE A 48 80 U o i &
WL 20— 55 RS = A TUER R A3 i 44.58 %6
35.28%.11.34 % , Rt STk % 3K91.20 % 5 — F

At
Ap
| Ad
Mpl
— Mpn
Mpq
Al
Nm
Dt
Dp
2.I4 2?2 Z.IU l.l8 l.I(J l.|4 1I.2 1I.0 UI.8 O.()Mpz
2 HBCEAESESHIEEHAN IS TRELE
Fig.2 UPGMA cluster based on morphological characters of culter’s populations
x6 HBEEARSEEFMEEN S SHIERE
Table 6 Correct percent for all samples of the discriminant functions analysis for culter’s populations %
RER i 5 ) 53] I A 2 RER G 530 1E B RER G FI 53 1E A
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
S IE A % 63.00

Total correct percent

AT R R B/ N Fy .Ce F i Cr EL Fy
Fo S8 ZFEW M KNSR Fy Ry Fo. 5
SFEWS MR ERE RN R WET, 5
el N Rl el o Gl |
3. 4,

3 i i

0 28 H A B AN A AR AT AR L R BUR AR A e
FEM W oy iR TR R B AR SR L
P RSN SRR R A G . Yamauchi 4
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FOBE 18 A @ AR A= 6 A PRy 0 28 i e 2R R . (N B L 98 BLAR RS TR A ) 5 AL R R
B TR 2R R WA BN R H A TE 3 R A /R G B i L 4 R B O R BUAR  A8) A G &
RO W HIME R A s R, 2R o RNV & o A as T B 8 25 AT 0 S Wy b sl R A R 1) £
7T BARSEFIRSEESE - EFZ FTHITERERY
Table 7 Standardized coefficients for variables of the 1%,2" and 3™ principal

component for otolith shape factors and shape indices

FFE A5 B Eigenvariable H—F s PCL B F W PC2 = F 4 PC3

Fy 0.769 6" —0.635 1 0.041 4

F, 0.924 0* —0.358 2 0.117 6

Fi 0.571 4 —0.789 7* 0.219 7

F, 0.629 9 0.739 7* 0.235 4

Fs —0.710 5" —0.437 8 0.541 1
F 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

Rg —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
HRAE Y Eigenvalue 5.349 6 4.233 9 1.360 6
FHKZ Prop 44,579 7 35.282 5 11.338 7

?Lﬁffj 44,58 79.86 91.20

e x BRT 0.7 AR RS, 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_
& .
i .
1 or e o
®
-2}
—4F
—6f A
-12 -10 -8 -6 -4 -2 0 2 4 6
H—E RS PCL

3 HARGSEFNRESEEE - SE_EIRIHAE

Fig.3 Scatter plots of 1* vs. 2™ principal component for otolith shape factors and shape indices
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47 A C.alburnus
O C. mongolicus
3 ® C.dabry
A A. nigrocauda B
2
Y oo o
o
) « pe
g .
& O . oo
%i w3 W
E o
Wﬁ -1t 3
® .
-
-2+ .
3t .
A
.

4L .

-5 ! ! ! ! ! ! ! ! !

-12 -10 -8 -6 -4 -2 0 2 4 6

SH—F s PCL
4 HARSEFAIRSEYEE - SFE=ERIHAE

Fig.4 Scatter plots of 1% vs. 3" principal component for otolith shape factors and shape indices

A P A I B % it M B R T A Y T 8 R
PR T A Oy AR B L D RS T AR . it
75 A A X L B M (Trichiurus haumela)
BFTE S RIS 2 B th e H] y = ax” B R BT 2
RN X R FR AT G T7 R AW 27 7€ SCL T
H BT g % WL S e P2 () i PR S G &R, AR
WFFEF B, 5 R KR RT3 5 R A X T B4 [T UH 5 72 AH
R FRBCE R A b 3R AR A A K R A AR KOG
Fo ARG HA R AR S HoA AR
U7 B 4 B AE 0.744 7~1.485 8.1.038 8~
1187 3,8 F 1,5 £ m] 195G 28 A AL, 7 W 4k o 4
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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 ,{rom 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 lLake, and Danjiangkou Reservoir) ., the Lijiang group, and five Poyang Lake groups of
C. mongolicus (from 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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