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Fig.1 Main morphologic characters of M. nipponense
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Tab.1 Phenotypic parameters of five groups of the morphological characters of wild M. nipponense

B BRAT5A HAS TR SR AR R 25 I 25 M R0 R T 4 )

TH PYH BYD WSH DSH
7 Bifasbrds  BRRHU% MRl BRREU%  BESRE EREE%  WERE BR A% R BR A%
o 4 - Z/em coefficient of Z/em coefficient of #/em coefficient of Z/em coefficient of #/em coefficient of
fnaex mean+SD variation mean+SD variation mean+SD variation mean+SD variation mean+SD variation

BW  4.808+2.331 48.472 2.245+1.031 45.935 2.721+0.954 35.069 4.864+1.943 39.941 3.219+1.123 34.882

OL 71.693+10.147  14.153 53.237+8.916 16.748 58.703+6.918 11.784 74.669+9.735 13.037 64.621+6.415 9.927

BL 57.978+13.468  13.468 43.400£7.636 17.593 47.597+5.588 11.740 60.979+8.220 13.480 52.451£5.047 9.622

RL 14.382+2.632 18.300 10.596+1.785 16.849 11.295+1.608 14.234 14.168+1.989 14.037 12.986+1.843 14.193

P,L 68.314+32.455  47.509 47.957+16.254  33.893 49.440+16.790  33.961 57.573+8.721 15.147 52.957+15.55 29.363

ED 3.273+0.550 16.796 2.075+0.477 22.959 2.364+0.383 16.194 3.042+0.507 16.655 3.306+0.945 28.589

CL 18.311£3.070 16.764 13.661+2.394 17.524 15.438+1.973 12.779 19.231+2.716 14.121 16.664+2.249 13.498

Ccw 10.398+1.660 15.958 8.078+1.473 18.230 8.934+1.101 12.322 11.405+1.592 13.962 9.520+1.246 13.089

CH 11.558+1.741 15.060 8.900+1.501 16.866 9.777+1.331 13.612 12.056+1.772 14.695 10.522+1.338 12.712

AL 30.031+3.586 11.943 22.293+4.262 19.119 24.318+2.813 11.567 31.778+4.387 13.805 29.610+4.829 16.309

AW 9.421x1.331 14.128 6.888+1.356 19.691 7.839+0.954 12.166 10.120+1.718 16.975 8.606+1.067 12.394

AH 9.674x1.319 13.639 7.116£1.376 19.336 8.199+1.327 16.181 9.835+1.935 19.673 8.555+1.032 12.065

TL 10.287+1.316 12.793 7.829+1.099 14.043 8.570+1.012 11.812 10.380+1.334 12.849 9.621+0.950 9.873

TW  3.410£1.455 42.671 2.345+0.484 20.651 2.570+0.425 16.541 3.349+0.533 15.905 2.880+0.433 15.368

TH 2.030+0.490 24.126 1.532+0.380 24.795 1.463+0.331 22.630 1.926+0.368 19.080 1.831+0.375 20.494

FL 11.651x1.694 14.540 8.992+1.220 13.563 9.543+1.239 12.979 11.972+1.911 15.966 10.785+1.35 12.520

FwW 18.277+3.233 17.690 12.817+2.805 21.882 15.293+2.700 17.655 20.558+3.006 14.622 17.335+2.644 15.250

NUS  12.733+1.118 8.7790 12.340+0.649 5.258 12.450+0.872 7.003 13.089+1.149 8.775 12.354+1.763 14.269

NLS  3.100+0.681 21.983 2.943+0.456 15.505 3.133+0.430 13.739 3.357+0.520 15.482 3.508+0.937 26.726
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Tab.2 The phenotype correlation coefficient among the traits of Tai Lake populations and
Poyang Lake populations of M. nipponense

E—‘f: BwW OL BL RL P,L  ED CL CwW CH AL AW AH TL T™W TH FL FW NUS NLS
BwW 0.83670.846™ 0.601 0.528™ 0.776™ 0.897" 0.896™ 0.848™ 0.813" 0.830™ 0.823" 0.852" 0.870™ 0.750" 0.707™° 0.798™ 0.075 0.117
OL  0.949” 0.97170.8407 0.336  0.8257 0.9617 0.957" 0.959™ 0.954™ 0.950™ 0.9217 0.901™ 0.860™" 0.806™ 0.901™" 0.924™ 0.164 0.183
BL 0.967" 0.983™ 0.81370.3957 0.8347 0.962" 0.957™ 0.952" 0.944™ 0.952" 0.912 0.918" 0.884™ 0.833™ 0.901™ 0.903" 0.135 0.171
RL 0.826" 0.908™ 0.854™ 0276 0.678™ 0.7637 0.738™ 0.740™ 0.8177 0.7917 0.728™ 0.761" 0.687 ™ 0.643™ 0.777" 0.748™ 0.290 0.232
PL 0.85170.846™ 0.829” 0.875™ 0.404™ 0.449™ 0.397" 0.325 0.226 0.255 0.187 0.447™ 0.504" 0.374" 0.294 0.278 0.344 0.092
ED  0.67270.71470.7127 0.648" 0.585™ 0.83270.828™ 0.850™ 0.787" 0.8137 0.797" 0.799" 0.803™ 0.6817 0.7317 0.816™ 0.061 0.095
CL 0.964” 0.9717 0.9777 0.8717 0.876™ 0.689™ 0.97270.966™ 0935 0.9417 0.912 0.912" 0.890™ 0.779™ 0.8817 0.920™ 0.166 0.151
CW  0.93670.91270.92370.779 0.755" 0.657" 0.921” 0.968™ 0.938"0.942™ 0.916™ 0.906™ 0.889™ 0.791™ 0.883™ 0.908™ 0.165 0.191
CH  0.94970.93370.949™ 0.775™ 0.758™ 0.626™ 0.945™ 0.929™ 0.938" 0.948™ 0.936™ 0.904™ 0.878" 0.796™ 0.886™ 0.929™ 0.136 0.175
AL 0.91870.9407 0.9517 0.782" 0.698™ 0.683™ 0.917 0.9117 0.932™ 0.969” 0.9237 0.854™ 0.798™ 0.788™ 0.877" 0.906™ 0.125 0.206
AW 0.7707 0.774™ 0.7927 0.606™ 0.527" 0.510™ 0.764™ 0.818" 0.834" 0.853" 0.956™ 0.882" 0.845™ 0.8117 0.884 0.909™ 0.096 0.183
AH  0.706™ 0.6917 0.7327 0.4717 0.370" 0.497™ 0.701™ 0.749™ 0.790" 0.790™ 0.779™ 0.86170.8377 0.810™ 0.8577 0.9157 0.040 0.207
TL 0.907 0.903™ 0.909 0.8237 0.7917 0.630™ 0.912" 0.855™ 0.892™ 0.840 0.746™ 0.659™ 0.88670.7617 0.847 0.860™ 0.087 0.151
TW  0.33170.389" 0.363" 0.431 0.412" 0.091 0.376" 0.313 0.323 0.33170.295 0.208 0.463" 0.715" 0.779™ 0.824* 0.152 0.165
TH  0.80170.77770.7907 0.750™ 0.779" 0.646™ 0.806™ 0.719" 0.723" 0.676™ 0.475™ 0.477" 0.733" 0.311 0.74770.7617 0.069 0.166
FL 0.936™ 0.92170.939™ 0.8217 0.840™ 0.636™ 0.934™ 0.863™ 0.893™ 0.883™ 0.746™ 0.654™ 0.868™ 0.363™ 0.769™ 0.864" 0.150 0.266
FW 09027 0.899™ 0.899™ 0.833" 0.860™ 0.600™ 0.928™ 0.816™ 0.852™ 0.827" 0.645™ 0.599™ 0.846™ 0.304 0.809™ 0.874"" 0.078 0.103
NUS 0.159 0.130 0.114 0.071 0.003 0.042 0.100 0.170 0.200 0.131 0.083 0.154 0.227 0-.004 0.109 0.063 0.111 0.326*
NLS 0.237 0.236 0.253 0.191 0.175 0.015 0.224 0.234 0.326 0.243 0.189 0.215 0304 0.083 0.128 0.175 0.178 0.436™

VE: * MR RBOERIE FE KT (P<0.05), ** XK RZEILIERIREZKFP<0.01), FE; AL T NRKBBAARM RS, 7 NERRe

TRA R A%

Notes: *. significant difference (P<0.05), **. very significant difference (P<0.01), the same below; the correlation coefficient of Tai Lake and Poyang

Lake populations is under and above the diagonal line
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Tab.3 The phenotype correlation coefficient among the traits of Baiyang Lake populations and
Weishan Lake populations of M. nipponense

rtgr:ft( BwW OL BL RL P,L  ED CL CwW CH AL AW AH TL T™W TH FL FW NUS NLS
BwW 0.9560.969™ 0.712 0.556™ 0.797" 0.976™ 0.951" 0.950" 0.944™ 0.959™ 0.958" 0.899" 0.874™" 0.709™ 0.900™ 0.840" —0.015 —0.092
OL  0.909” 0.9827 0.836™ 0.555™ 0.780" 0.968™ 0.959™ 0.950™ 0.932™ 0.937 0.933™ 0.946™ 0.884" 0.719™ 0.912™ 0.851"" —0.005 —0.090
BL 0.920” 0.968™ 0.760™ 0.510" 0.798™ 0.980™ 0.958™ 0.956™ 0.963™ 0.961" 0.947™ 0.938™ 0.886™ 0.704™ 0.918™ 0.858™ —0.007 —0.102
RL 0.7577 0.876™ 0.802" 0.51770.5527 0.7417 0.7647 0.750” 0.6817 0.673™ 0.692" 0.772" 0.697" 0.598™ 0.716™ 0.691™ 0.078  0.001
P,.L 0.61070.5107 0.489™ 0.505" 0.396™ 0.566™ 0.599" 0.5537 0.466™ 0.403™ 0.426™ 0.457" 0.546™ 0.365" 0.376™ 0.494™ 0.052 —0.123
ED  0.69870.687 0.6747 0.639" 0.516™ 0.798 0.7557 0.749™ 0.7717 0.792” 0.7617 0.746™ 0.664™ 0.596™ 0.718™ 0.733" —0.026 —0.140
CL 0.88470.91770.9137 0.8127 0.583" 0.733" 0.96570.969™ 0952 0.960™ 0.942" 0.925™ 0.877™ 0.716™ 0.920™ 0.833™ 0.006 —0.069
CW  0.91270.908™0.904™ 0.765™ 0.614™ 0.707" 0.894™ 0.960” 0.925™ 0.938™ 0.920™ 0.912" 0.857" 0.718™ 0.864™ 0.837™ 0.055 —0.069
CH  0.88970.89570.92170.709™ 0.529™ 0.653" 0.894™ 0.897" 0.9397 0.934™ 0.928™ 0.905™ 0.869™ 0.694™ 0.901 0.836™ —0.022 —0.076
AL 0.85470.93470.93170.782" 0.378™ 0.642" 0.883" 0.876™ 0.875™ 0.9307 0.9207 0.8817 0.877" 0.667" 0.888™ 0.805™ 0.008 —0.071
AW 0.7937 0.855™ 0.8837 0.675™ 0.222 0.607" 0.81170.796™ 0.834" 0.903" 0.95770.910” 0.858™ 0.673™ 0.905™ 0.812" —0.003 —0.123
AH  0.658"0.7107 0.7397 0.499 0.009 0.458™ 0.659™ 0.637" 0.706™ 0.767" 0.851" 0.9127 0.8417 0.6757 0.920™ 0.829" -0.07 —0.113
TL 0.856™ 0.896™ 0.888™ 0.774™ 0.542™ 0.626™ 0.856™ 0.872" 0.844™ 0.815" 0.759™ 0.631" 0.82770.642™ 0.885™ 0.8317 -0.08 —0.075
TW  0.81970.83870.8507 0.735™ 0.609™ 0.589™ 0.803™ 0.807" 0.765™ 0.769™ 0.717" 0.539 0.800" 0.638" 0.848™ 0.749™ —0.031 —0.049
TH  0.44370.44570.4587 0.436™ 0.508™ 0.466™ 0.459™ 0.482" 0.401" 0.363™ 0.304 0.160 0.535™ 0.494™ 0.72770.6477 0.121 0.076
FL 0.864” 0.855™ 0.850™ 0.7217 0.5417 0.6417 0.840™ 0.836 0.844™ 0.834™ 0.775™ 0.684™ 0.775™ 0.7517 0.437™ 0.808" —0.068 —0.071
FW  0.8707 0.846™ 0.8397 0.778" 0.608™ 0.663" 0.849™ 0.869 0.826™ 0.802"" 0.726™ 0.563™ 0.8217 0.714" 0.500™ 0.796™ 0.000 —0.043
NUS 0.124 0.071 0.142 —0.027 0.008 0.087 0.077 0.079 0.164 0.085 0.150 0.116 0.041 0.092 -0.097 0.043 0.055 0.372"
NLS 0.119 0.140 0.135 0.234 0.159 0.238 0.073 0.165 0.110 0.089 0.072 -0.095 0.119 0.148 0.205 0.065 0.116 0.018

TE: WAL TN RE AR BRI R OC R %

Notes: the correlation coefficient of Baiyang Lake and Weishan Lake populations is under and above the diagonal line
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Y= —7.644+0.248X,+0.329X,+0.025X5+0.301X,,
Xi. X X XA MRERCL. AHL PoL. AW,
FOLEAR HASVHURGE LSRR HERR A
BEMERE R FRARKBL). P RKEP,L).
KM H 98 (CW) . B SE(TW) L I35 58 (AW) Mtk
Xof R T S MR A AR A AT 2 SR, IR MR Y
HAEME MR (0.410), R 98 19 B AF e /)
(0.104)(3%9), FrfaMERAEEAEHS R T4 AR
BEEAEH, 0B 25 M R 2 38 o IR 8] 9 A AR
FH O 5% i R 53 & 1 . g ar H 2 ol 3 5 R
Y=-6.257+0.019.X,+0.018X,+0.164X;+0.264X,+0.16
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o
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Tab.4 The phenotype correlation coefficient among the traits of Dianshan Lake populations of M. nipponense
rii)t\ BW OL BL RL P,L ED CL CW CH AL AW AH TL ™ TH FL FW NUS
OL 0.925™
BL 0.929" 0.945"
RL 0.623" 0.735" 0.581"
P,L 0.840™ 0.747" 0.714" 0.525™
ED 0.571" 0.555™ 0.618™ 0.170  0.600"
CL 0.893" 0.884 0.888" 0.649" 0.763" 0.497"
CwW 0.884™ 0.867" 0.813" 0.703" 0.735™ 0.425™ 0.798"
CH 0.8917 0.864™ 0.854™ 0.601” 0.719™ 0.443™ 0.828" 0.882"
AL 0.374" 0.410™ 0.548" —0.035 0.240 0.605™ 0.341" 0.139 0.246
AW 0.847" 0.863™ 0.816™ 0.685™ 0.640™ 0.361™ 0.790™ 0.831™ 0.874 0.189
AH 0.8177 0.776™ 0.780™ 0.441” 0.678" 0.407" 0.732" 0.704™" 0.788"" 0.351" 0.769"™
TL 0.7617 0.758™ 0.733" 0.568" 0.610™ 0.344™ 0.716™ 0.734™ 0.802" 0.153 0.800" 0.629"
™ 0.6617 0.576™ 0.607" 0.259 0.581" 0.382" 0.570" 0.513" 0.567" 0.328"" 0.432" 0.536™" 0.406"
TH 0.407" 0.342™ 0.4117 0.076 0.376" 0.322" 0.303 0.304 0.352" 0.456™ 0.271 0.378" 0.265 0.520"
FL 0.789™ 0.754™ 0.830™ 0.335™ 0.626™ 0.563" 0.689™ 0.613™ 0.695™ 0.634™ 0.615™ 0.685™ 0.550" 0.620™" 0.555"
FwW 0.784" 0.766™ 0.688™ 0.64°" 0.669™ 0.266 0.701" 0.860™ 0.749™ -0.029 0.758™ 0.638™ 0.657" 0.502" 0.251 0.530"
NUS —-0.114 0.000 -0.113 0.268 -0.118 —0.275 -0.047 0.067 -0.034 —0.228 0.041 -0.055 —0.149 -0.291 —0.119 -0.231 0.007
NLS 0.174 0.188 0.218 -0.120 0.115 0.296 0.142 0.068 0.083 0.461" 0.101 0.079 0.005 0.075 0.274 0.153 -0.005 —0.082
x5 KPARBIHESERIEREZWAOBEIH
Tab.5 Path analysis of the effects of morphometric traits on body weight of Tai Lake populations
IEEZ (R
PR LB HAEEH indirect effect
trait correlation coefficient direct effect 5 BL cw P,L CH FL
BL 0.967" 0.252 0.713 0.206 0.129 0.227 0.151
CW 0.936” 0.224 0.712 0.233 0.118 0.222 0.139
Pl 0.851" 0.156 0.694 0.209 0.169 0.181 0.135
CH 0.949" 0.239 0.709 0.239 0.208 0.118 0.144
FL 0.936” 0.161 0.774 0.237 0.193 0.131 0.213

2Xs, X1 Xo. Xz Xy X HMREBL. P,L.
CW. TW. AW,

A £ A7 SAFERBLR B TRIMIEDS
PER 5 R T 22 8] S A e A B b, KT R R
N N SRR N R N ORUNDIE OB i
$h0.965, BB IR AL O B T ok 6L
PR AR 5 £ 19 2 M DG AR B0 0,904, 1 ¥ TE B4
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Tab. 6 Path analysis of the effects of morphometric traits on body weight of Poyang Lake populations

[l H
PEAR FHR R B indirect effect
trait correlation coefficient direct effect 5 CL FL W cw CH TH BL
CL 0.897" 0.909 0.024 -0.292 0294 0.763 -0.504 0.197 -0.434
FL 0.707" —0.331 1.072  0.8011 0.257  0.693 -0.462 0.189 -0.406
™ 0.870" 0.330 0.574  0.8099 -0.258 0.698 -0.458 0.181 -0.399
Ccw 0.896” 0.748 0.148 0.883 -0.292 0.293 -0.505 0.200 -0.431
CH 0.848" —0.522 1.407 0.878 -0.293 0.290 0.760 0.201  -0.429
TH 0.750" 0.253 0.526  0.708 -0.247 0.236 0.621 -0.416 -0.376
BL 0.846™ 1333 0.874 0298 0292 0.751 -0.497 0.211

®7 BFEEAKXBOEESERINERELZMABRE SN
Tab.7 Path analysis of the effects of morphometric traits on body weight of Baiyang Lake populations

e (R
PR TR REL HIEEM indirect effect
trait correlation coefficient direct effect 5y BL cw P,L FL
BL 0.920™ 0.478 0.444 0.232 0.061 0.151
CW 0.912" 0.257 0.224 0.432 0.076 0.148
P,L 0.610™ 0.124 0.254 0.234 0.158 0.096
FL 0.864" 0.177 0.282 0.406 0.215 0.067

RS BUMBXBOEASHRINERELZMBE SN
Tab. 8 Path analysis of the effects of morphometric traits on body weight of Weishan Lake populations

[ EffH
PR LB HAEEM indirect effect
trait correlation coefficient direct effect 5 CL AH P,L AW
CL 0.950" 0.347 0.628 0.309 0.064 0.255
AH 0.958" 0.328 0.302 0.327 0.048 0.254
PL 0.556" 0.113 0.247 0.566 0.140 0.107
AW 0.959” 0.266 0.360 0.960 0.314 0.046

#9 EUWHMBAXBIEES HRIMEREZMEBRZ S
Tab. 9 Path analysis of the effects of morphometric traits on body weight of Dianshan Lake populations
lEEZ (A
PERAR R RE HEEH indirect effect

trait correlation coefficient direct effect 5 BL P,L cw ™ AW
BL 0.929" 0.410 0.518 0.182 0.148 0.063 0.125
PoL 0.840™ 0.255 0.585 0.293 0.134 0.060 0.098
(6% 0.884" 0.182 0.700 0.333 0.187 0.053 0.127
™ 0.661" 0.104 0.556 0.249 0.148 0.093 0.066
AW 0.847" 0.153 0.694 0.335 0.163 0.151 0.045
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Tab. 10 The multiple-correlation coefficients of morphometric traits on the body weight
RN HHRAER EHKIEHR REIEJF AR RIE R PRt iR 7
population multiple R R square adjusted R square std.error of the estimate
KB Tai Lake 0.982 0.965 0.961 0.459
EBBH Poyang Lake 0.951 0.904 0.889 0.344
FI 3¢ Baiyang Lake 0.950 0.902 0.895 0.309
1L Weishan Lake 0.985 0.971 0.969 0.345
Y€ 11175 Dianshan Lake 0.977 0.955 0.952 0.248

24 EESMRSERENREEEDH

B AR e OGO T B B R
gk P T G R A5 i Y R R B R 11~k
15, XFFAZe E 30 2 AR A MR A I 2
M P ZEC, XL LB R A
PR [ X R Tk ) TR E R B N (R o)
A i R R B R B RO R A TR, K
WA LR UE RIUE LU I A R de KRR, 4
90.064, 0.228. 0.168, 7B BH 51 A1 A 111 i85 7 44 I

11
Tab. 11

KHABEBEETSESENERENRERY

Determinant coefficients of morphometric traits

on body weight of Tai Lake populations

PR

; BL CW P,L CH FL
trait
BL 0.064 0.104 0.065 0.114 0.076
CwW 0.050 0.053 0.099 0.062
P,L 0.024 0.057 0.042
CH 0.057 0.069
FL 0.026

* 12 EPAMEAESSENERENRERK
Tab. 12 Determinant coefficients of morphometric traits

on body weight of Poyang Lake populations

%:17: CL FL TW CW CH TH BL
CL 0826 -0530 0534 1322 -0917 0358 —0.789
FL 0.110 —0.170 —0.437 0306 —0.125 0.269
™ 0.109 0439 -0302 0.119 -0.263
cw 0.560 —0.756 0.299 —0.646
CH 0272 0210 0.448
TH 0.064 —0.190
BL 0.203
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Tab. 13 Determinant coefficients of morphometric traits

on body weight of Baiyang Lake populations

PR

‘ BL cw P,L FL
trait
BL 0.228 0222 0.058 0.144
cw 0.066 0.039 0.076
P.L 0.015 0.024
FL 0.031
E 14 MUABGESSENTERENRERY

Tab. 14 Determinant coefficients of morphometric traits

on body weight of Weishan Lake populations

T H

Hﬂ,k CL AH P,L AW

trait

CL 0.120 0.214 0.044 0.177
AH 0.108 0.032 0.167
P,L 0.013 0.024
AW 0.071
F15 RUHBREESSENERENRERYK

Tab. 15 Determinant coefficients of morphometric traits

on body weight of Dianshan Lake populations

rj:lj: BL P,L cw ™ AW
BL 0.168 0149 0121 0052  0.102
P,L 0065 0068 0031  0.050
cw 0033 0019  0.046
™ 0,011 0014
AW 0.023
RAYJEK M, 20 50790.826, 0.120, X157
BAAH OC 43 B 45 R RN SE AR o AT 45 R ARAT , G
JEE VDR X6 0 Jo 2 1 e e VR A 2 i . BRI
P e ZR RO AL [ R E R B R G AR TR
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Fig.2 Cluster dendrogram of

five populations of M. nipponense
3 iR

f] B 5 28 BB R 8 A A e 2 ) A
KRAMEEE, FFARE W A2 5 2 8] g Y
TEAR JFUHR 25, T 38 42 23 A v A9 38 448 2R B0k R 1Y
LR F A X R AR R Y AR AR, T LA
PR Z 6] BLIE A A B 5 A o SR T [l 0A 7
JIv 3k 1) A2 R A RO R AN TR] 3l A4 AR K0
SA PR, R ARRERNEIEES, 4
E5y T N EDIVAEOES g VT S LI Sl S )
FEE T I ESHOHA TR AT 700, AR
AN TR R A R T A S 28 B ame R B MRS A
[, ER&PEHEIRERSN, FAEsE . Buliill . K
FITE L) AR A R B 9 3 B IR 22 )R 22 AN
R, T 28 B T AR A A5 A 1 A SRR
S J AR 9B BE O 3 I 5 R IROK I, S
KYLK &A@, HAEHB A e, HARY
IR LA BORZE S, AT RE i AR FH
PR A A 22 S i BN

XA AT R B, S MK H AR TR A R
ot PR B A S AR RO D Bk, U R o
ARAERFPEE L RARKAE T, Brwial LRl
RO SR RSN, B A PR P i A9 A O

ABEIR B W E K, X G RIPLAE AR T
W HAS T SRR 25 X A BT R B R R R 25 R A
£, DLW AR S b 0 EORTT R0 B PR X B A TR
SR A MR S AN B AR T, T AR T A TR
LI PURE L N S g U B o T R T
R e, i B 5 A B IR B A B O 1
Tk, IR A AR BOR B PERAE BTAIE
R AN [5] B A ) B A TR R HOE SR RLF A
A, R M MK IR FE AL,
A Te) 3t X5 B AN [R] AR 35, RIVE ] — {0 3 B9 A
) 7K B A S A BT AR, DRI A AN ) 3 X £
(LB = W o APS B E R (ER 7 SN i DR
WA, 58, m). 8 8RR A ERMERAESD
FER T ERAT  BL, A A ) B o o A o
A AR BE AN TR, AT BE 5 2% 3t A 1A Py Ak 19 A= 353
AR, X5 EBHEFEDTE IR H AR AE
TE 25 M RO R J5T 6 1 52 Wiy P 2 330 F e R Sk Mg Y
Koo Sk sE . RSk I YR, MESR ARG
Sk J FY A RSk 1 Y SE O B AL IR FE A AAT .
5K IR SR G L AR L e S I i
RE TS X B B R ) 2 0 5 A Y R
AAAT, Ul B 32 AR A R 2 0 ok R B A R
i

SR O RO — A S HA 2 A
A R OC RE BE AY AR AR, A2 O A R
K, FRWIAS B 2 (8] B 2 PR AR G 7R B s D) . X
ANPREEENA S, 7R SRR B OC 73 BT A e Al ot
1y aE e BB, R S E M SC R Bl A
A8 A e Y B B E AR B P P B T e
FE B RK T 5% T0.850F, A 3 W52 mm [ 42
B FEEALREEWLRT] . AT ORW . #
BRI EPEE . Ol L VE LA R AR R JE
A VPR A J5t i 9 52 A G 5 ORI R SE AR B R
T0.85. M, ATLABEAFEARSR B AL SRR
JE R WA R R A EEOE MR, IS T A
BN BRAE A Z2 0 [l 75 A o DA R P bR X A i
B ERBORE, K., kP REEET
iRV A OE F 7

SASREVR B9 H A I 22 0 s e R 2R
%, WIEAESKF EF, KBRS 5 )i
PR H AR SR AESME e R ARRL, U )
FEVR 5 17 V8 JF AR 1 H A T 0F 19 T8 25 45 149 40
L, a7 I8 S AR R IR T B AL R B A B2 Y
e 2 A o REEE R 25 b e B R AR AT

http://www.scxuebao.cn



1182

Ko AR

40 %

TE % £ 7 b 72 b 2T Ak e B AT 2 A Y 2%
5, T RBARFR L, NS P i 3 AL B RS
B R AT AR . R H AR TR IR AN Tk
EEIA O AEE BuR s LR VA G I N T B e DR N
R B GETH o0 Br, AR B A% 0 0 H fie A 1 TR 25
PR, REERRCR,

SEHk:

[1]

[31]

MREE, AR5, BRHE, &5, HARIMIRIG R B KBS L4
ZUEER[I]. IR SR, 2012, 21(1): 33-40.
Chen Y, Zhu Q, Chen H, et al. The morphological and
histological observation of embryonic development in
the oriental river prawn Macrobrachium nipponense[J].
Journal of Shanghai Ocean University, 2012, 21(1): 33-
40(in Chinese).

Bai H K, Qiao H, Li F J, et al. Molecular charac-
terization and developmental expression of vitellogenin
in the oriental river prawn Macrobrachium nipponense
and the effects of RNA interference and eyestalk
ablation on ovarian maturation[J]. Gene, 2015, 562(1):
22-31.

2L, BB, ERE, 5. H AR ER K E AR B
T FEAAL RS I [T]. K= 253, 2003, 27(6): 545-
549.

Li H, Zhao Y L, Wang Q, ef al. Variations in
biochemical composition during embryonic development
of Macrobrachium nipponense[J]. Journal of Fisheries of
China, 2003, 27(6): 545-549(in Chinese).

Jin S B, Jiang S F, Xiong Y W, et al. Molecular cloning
of two tropomyosin family genes and expression analysis
during development in oriental river prawn,
Macrobrachium nipponense[J]. Gene, 2014, 546(2):
390-397.

MK AL Z, 5, & AASEEX A A E
UF(Macrobrachium nipponensis)JET-%.. FEAF L E
BRI [J]. HEE 5918, 2015, 46(1): 206-211.
ZouL C,Ren S Y, Wang Z Z, et al. Acute effects of
ammonia exposure on mortality, oxygen consumption,
and suffocation point in freshwater shrimp
Macrobrachium nipponensis[J]. Oceanologiaet
Limnologia Sinica, 2015, 46(1): 206-211(in Chinese).
EEH, ARRZ, B, & Zn®' X H A B
(Macrobrachium nipponensis)*) S PEEEE RN [T]. WGEE
518, 2013, 44(1): 235-240.

http://www.scxuebao.cn

[8]

[10]

(11]

[12]

[13]

Wang Z Z, Ren S Y, Zhao J, et al. Acute toxic effects of
Zinc on freshwater shrimp Macrobrachium
nipponensis[J]. Oceanologiaet Limnologia Sinica, 2013,
44(1): 235-240(in Chinese).

Wang A L, Wang W N, Wang Y, et al. Effect of dietary
vitamin C supplementation on the oxygen consumption,
ammonia-N excretion and Na'/K" ATPase of
Macrobrachium nipponense exposed to ambient
ammonia[J]. Aquaculture, 2003, 220(1-4): 833-841.
R, BOKME, BREOWE, 55, AR B AR IRk R
H 5E & = T[], TR 7T, 2010(4): 53-55.

Qin Q, Cai Y X, Chen X H, ef al. The optimum content
of protein feed in different specifications of
Macrobrachium nipponense[J]. Feed Research, 2010(4):
53-55(in Chinese).

R LLL, oA, SRARER, 55 ME B F AV IR R
I 0 i T TR M LR R IR S (D], U
2014, 36(6): 542-548.

Zhao W H, Wang Z S, Zhang Y X, et al. Effects of
estradiol on fatty acid composition and tissue structure of
hepatopancreas in Macrobrachium nipponense[J].
Marine Fisheries, 2014, 36(6): 542-548(in Chinese).
Ding Z L, Zhang Y X, Ye J Y, et al. An evaluation of
replacing fish meal with fermented soybean meal in the
diet of Macrobrachium nipponense: growth, nonspecific
immunity, and resistance to Aeromonas hydrophila[J].
Fish & Shellfish Immunology, 2015, 44(1):295-301.
FHEL, HER, RN, 5. BRI H A BN E 7
RO T[T B KR ZEIRGERHIR), 2011, 35(4): 380-
383.

Wang J H, Cao C L, Ren J, et al. Muscle nutrient
components analysis of shrimp, Macrobrachium
nipponense, from Poyang Lake[J]. Journal of Nanchang
University(Natural Science), 2011, 35(4): 380-383(in
Chinese).

Hgtifg, WalvL, FReis, 55, 3N [F 2 H AVH IR R
SRBEAREAE 2 FETEIISSRAM T[], 1 R I i K B 48
Bl=244R, 2014, 37(4): 23-28.

Xia J H, Fan W J, Wang X Q, et al. Genetic diversity in
three different natural populations of Macrobrachium
nipponense revealed by SSR markers[J]. Journal of
Natural Science of Hunan Normal University, 2014,
37(4): 23-28(in Chinese).

ST, M, W, 2. E VA S KW AR AT B



8

B, S AABIFIRHAE S

DR X AR I )3 A2 53 A 1183

[14]

[15]

[16]

[17]

(18]

[19]

TAREA 2 A0 F A K A EL T 7T[0]. Kk, 2011,
41(1): 43-47.

Li H S, Feng J B, Xie N, et al. Comparison on growth
performance among F,; groups of diallel crosses of
Macrobrachium nipponense from Taihu Lake and
Poyang Lake populations[J]. Freshwater Fisheries, 2011,
41(1): 43-47(in Chinese).
VL, B8, BRKFE, &

i S N I SRR AME U2
L2, 2011, 30(4): 215-220.
Xu F, Wang T T, Chen T F, et al. The morphological

. H AR VAR B AR AR S 7R A
SRR AT A = RE[T]. KPR

characters and growth performance of hybrid and
backcross progenies from crosses between wild and
cultured prawn Macrobrachium nipponensis[J]. Fisheries
Science, 2011, 30(4): 215-220(in Chinese).

LRI, BN, T T, 55 HER K &R B AR IR REA
WAL G5 T R SR AL KRR COLT 51 23 T[], )4
ki, 2012, 47(2): 73-84.

Jiang H C, Feng J B, Ding H Y, et al. Genetic structure
and phylogeography of natural Macrobrachium
nipponense populations in Huaihe River based on
mitochondrial COI sequence[J]. Chinese Journal of
Zoology, 2012, 47(2): 73-84(in Chinese).

TRA, ERERS, M, SE. OB H AR IR 15N A
BAEZHEMERMEEDH]. ESHRE, 2011,
30(9): 2007-2013.

Su X, Wang G L, Feng J B, ef al. Genetic diversity of 15
Macrobrachium nipponense populations in Poyang Lake
based on microsatellite analysis[J]. Chinese Journal of
Ecology, 2011, 30(9): 2007-2013(in Chinese).

HEG, FLAS, I, S5, o DR A RO s
S R IE AR o T [J]. HEEE/K A AL, 2007, 28(3): 15-22.
Dong S R, Kong J, Wan C K, et al. Path analysis of
effects of morphometric attributes on body weight of
Fenneropenaeus chinensis[J]. Marine Fisheries
Research, 2007, 28(3): 15-22(in Chinese).

FRARS, 2 s A, M. A R QIR R A E 5
Wel R AE 3 AT [I]. K= 223K, 2013, 37(6): 809-815.
Zhang C S, Li F H, Xiang J H. Path analysis of effects of
morphometric attributes on body weight of Exopalaemon
carinicauda[J]. Journal of Fisheries of China, 2013,
37(6): 809-815(in Chinese).

s, & in, MG, 5. WFRE R B A R 7k
PRS2 T 280U (0] 7 T i R 2 Bt 2 1 (R REhRD),

[20]

[21]

[22]

[23]

[24]

[25]

2012, 31(3): 191-196.
Yang L, Zhao J, Yang P, etal. Effect of phenotypic and
morphometric traits on body weight of Exopalaemon
carinicaudalJ]. Journal of Zhejiang Ocean
University(Natural Science), 2012, 31(3): 191-196(in
Chinese).
B, XS, TLIAS, 55 AR O RIBINEES
PRPRNT AR H IR [T]. #is AR 4R, 2014, 5(3): 208-
219.
Yang S P, Liu H L, Jiang B J, et al. Effects of
morphometric traits on body weight of Macrobrachium
rosenbergii with different clamp colors[J]. Journal of
Tropical Biology, 2014, 5(3): 208-219(in Chinese).
XEEE, oI AR, RS, 45 B IR IR T AS MR
HREI[T]. LA RE, 2012, 40(7): 205-211.
Deng P P, Dai X L, Zang W L, et al. Effects of
morphometric attributes on body weight of
Macrobrachium rosenbergii[J].Fisheries Science of
Jiangsu, 2012,40(7):205-211.(in Chinese).
fAI/NE, /AR, BB A, 85, K1 BB H TS MR X 44
H IR BT [I]. K754k, 2009, 33(4): 597-603.
He X Y, Liu X L, Bai J J, et al. Mathematical analysis of
effects of morphometric attribute on body weight of
largemouth bass (Micropterus salmoides)[J]. Journal of
Fisheries of China, 2009, 33(4): 597-603(in Chinese).
XU, BRFABK, X1 U, &5 218 3RS IR S ik
B HIAR 5 R B AR I HT D). PR AR, 2015, 37(4): 94-
102.
Liu F, Chen S L, Liu X F, et al. Correlation and path
coefficient analysis for body mass and three
morphometric traits in the half-smooth tongue sole
(Cynoglossus semilaevis)[J]. Acta Oceanologica Sinica,
2015, 37(4): 94-102(in Chinese).
JOLUE, TR B, PRI, S5 FLAREXTER A F X R TR
A M DR L F 2 e (7). VAR B R, 2010(2): 37-
48.
Wu L F, Zhang L P, Shen Q, ef al. The effects of
morphometric traits on body weight of different families
of Litopenaeus vannamei[J]. Transactions of Oceanology
and Limnology, 2010(2): 37-48(in Chinese).
KN, BT, BRER, 55 FLYAXT IR T2 PP A
EIEI PR HT[I]. A2 24R, 2004, 24(4): 857-862.
Liu X L, Wu C G, Zhang Z H, et al. Mathematical

analysis of effects of morphometric attributes on body

http://www.scxuebao.cn



1184

Ko AR

40 %

[26]

[27]

(28]

[29]

[30]

(311

weight for Penaeus vannameilJ]. Acta Ecologica Sinica,
2004, 24(4): 857-862(in Chinese).

Tz, BRE, EEM, 5. 48K 5 ili(Takifugu
rubripes) T A& AR XA T (P52 m R[], WS A,
2013, 44(1): 135-140.

Wang X A, Ma A J, Zhuang Z M, et al. Effects of
morphometric attributes on body weight of Takifu
gurubripes(Temminck et schlegel)[J]. Oceanologia et
Limnologia Sinica, 2013, 44(1): 135-140(in Chinese).
FLETE, XUR, WA, 55, JRAEIF 3 b DU R 1)
FHICPEFIE AR S T [I]. KPR, 2015, 34(1): 8-13.
DuMR, Liu Y, Jiang Z J, et al. Correlation and path
analysis of quantitative traits in bottom-cultured Yesso
Scallop Patinopecten yessoensis[J]. Fisheries Science,
2015, 34(1): 8-13(in Chinese).

SRARTS, TRSO, 7 F P, . SR T RER Y
IR TN (Lamprotula leai) B MR FIAHC 51842 50
[J]. #FPE ST, 2014, 45(5): 1115-1121.

Zhang G F, Zhang W F, Fang A P, et al. Correlation and
path analysis of quantitative traits of different-age
Lamprotula leai in artificial breeding[J]. Oceanologia et
Limnologia Sinica, 2014, 45(5): 1115-1121(in Chinese).
INETH, PR 58, W, S5 BE IR S R A
HPIR IS T[I]. EERRE, 2013, 37(5): 50-54.

Sun M M, Chen BY, Yang Q B, et al. Effects of
morphological characters on body weight of Penaeus
monodon[J]. Marine Sciences, 2013, 37(5): 50-54(in
Chinese).

XYL, AR, B, & KIL N H AR S R
FIE 2 2 B AR B A2 (1], 25 B AR ML K 2 241,
2011, 26(5): 645-651.

Liu K, Zhang M Y, Duan J R, ef al. Morphological
characteristic of Macrobrachium nipponensis in lower
reaches of the Yangtze River and effects of main
morphological factors on body weight[J]. Journal of
Yunnan Agricultural University, 2011, 26(5): 645-651(in
Chinese).

TCIEME, B4, YPENE, 55 ST 0 AR S

http://www.scxuebao.cn

[32]

[33]

[34]

[33]

[36]

PRI R E R B R[], KAESFIRE, 2014,
35(2): 85-89.

Shen Z X, Fan J D, Xu Q Z, et al. Regression analysis of
effects of morphometric traits on body weight
forMacrobrachium nipponense[J]. Journal of
Hydroecology, 2014, 35(2): 85-89(in Chinese).

X%, FEt [, e, &5 B H A B AR A S 80
RARBIFIL[I]. KFHl, 2004, 24(6): 17-19.

LiuJ, Gong S Y, He X G, et al. Study on the relationship
between the morphological parameters of
Macrobrachium nipponensis in Wuhu Lake[J]. Reservoir
Fisheries, 2004, 24(6): 17-19(in Chinese).

TE, R, B, % HABIR(Macrobrachium
nipponensis) %25 PR X4 2 BRI AR [T]. S5 15
A, 2011, 42(4): 612-618.

Wang ZZ, Wu Y T, Yang L, et al. Effect of phenotypic
and morphometric traits on body weight of
Macrobrachium nipponensis[J]. Oceanologia et
Limnologia Sinica, 2011, 42(4): 612-618(in Chinese).
IR EY, (S, BRALAR, 5. H AR 4R B S 22 5
SIHT[I). HE K =R, 2006, 13(2): 224-229.

Zhao X Q, Ni J, Chen L Q, et al. Analysis of
morphological variations among four populations of
Macrobrachium nipponensis[J]. Journal of Fishery
Sciences of China, 2006, 13(2): 224-229(in Chinese).
Wk#E. HAVHEN (Macrobrachium nipponense)5/™ Ak
T2 ROs AL 45 40 1 FL T 92 [D]. R AR AR IR
2, 2008.

Yao Q. Comparative studies on morphology and
populations genetic structure among five populations of
Macrobrachium nipponense[D]. Shanghai: East China
Normal University, 2008(in Chinese).

FLF A, BREMS. A H SPSSER M [ml 9 S il 4% 43 b7 1Y)
THEN]. R, 2010, 45(2): 4-6.

DuJ J, Chen Z W. Method of path analysis with SPSS
linear regression[J]. Bulletin of Biology, 2010, 45(2): 4-
6(in Chinese).



8 41 B, ¥ AR R TR 25RO 4 B i £ 38 A% 20 A 1185

Path analysis for the correlations between morphological traits and
body weight in five Macrobrachium nipponense populations

HUANG Youhui', FANBin', LI Yiming', LIU Zhiquan', YANG Yang',
WU Donglei’, FAN Wujiang”, ZHAO Yunlong'"

(1. School of Life Sciences, East China Normal University, Shanghai 200241, China,
2. Shanghai Fisheries Research Institute, Shanghai 200433, China)

Abstract: In order to determine the influence of the main morphological traits on body weight of Macrobrachium
nipponense, and to screen the optimal and measurable indices for artificial breeding of M. nipponense, the
correlations between morphometric attributes and body weight of M. nipponense were explored using correlation
analyses, path analyses and regression analyses. Ninety individuals from each of five populations (Tai Lake,
Poyang Lake, Baiyang Lake, Weishan Lake and Dianshan Lake) were randomly sampled for the measurements of
their body weight and 18 morphometric attributes, including the body length, overall length, rostrum length,
second pereiopod length, diatance between eyes, carapace length, carapace width, carapace height, first abdominal
segment height, first abdominal segment width, abdomen length, telson length, telson width, telson height, fantail
length, fantail width, number of upper frontal eminencespin and number of lower frontal eminence spin.
Correlation coefficients among all variables were calculated. Path coefficients were calculated by setting the body
weight as a dependent variable and other attributes as independent variables via stepwise elimination. The path
coefficients showed that: (1)five morphometric attributes of the Tai Lake population (body length, carapace width,
second pereiopod length, carapace height, fantail length) significantly correlated to body weight. A multiple
regression equation of the five attributes was established, where the regression intercept and regression coefficients
were —9.878, 0.075, 0.314, 0.011, 0.320, 0.222, respectively. (2)seven morphometric attributes of the Poyang Lake
population (carapace length, fantail length, telson width, carapace width, carapace height, telson height, body
length) correlated significantly to body weight, where the regression intercept and regression coefficients were
—-1.618, 0.392, —0.280, 0.703, 0.524, —0.359, 0.688, —0.061, respectively. (3)four morphometric attributes of the
Baiyang Lake population (body length, carapace width, second pereiopod length, fantail length) significantly
correlated to body weight, where the regression intercept and coefficients were —4.796, 0.082, 0.222, 0.007,0.136,
respectively. (4)four morphometric attributes of the Weishan Lake population (carapace length, first abdominal
segment height, second pereiopod length, first abdominal segment width) significantly correlated to body weight,
where the regression intercept and coefficients were —7.644, 0.248, 0.329, 0.025, 0.301. (5)five morphometric
attributes of the Dianshan Lake population(body length, second pereiopod length, carapace width, telson width,
frirst abdominal segment width) significantly correlated to body weight, where the regression intercept and
coefficients were —6.257, 0.019, 0.018, 0.164, 0.264, 0.162, respectively. It is obviously that the body length and
carapace traits in different populations have great effect on the body weight.High multiple-correlation coefficients
of the reserved morphometric traits on the body weight in each population were greater than 0.85 (Tai Lake
R=0.965, Poyang Lake R’=0.904, Baiyang Lake R’=0.902, Weishan Lake R’=0.971, Dianshan Lake R*=0.955).
The main attributes of each population effecting the body weight were confirmed. The clustering results showed

that the closer the geographical location, the more similar the shape in terms of the morphological traits.
Key words: Macrobrachium nipponense; morphological traits; correlation analysis; path analysis
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