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1.1 SEIes

SCHG P TR EFEEAS T 2017 4F 11 AR AL
B =R A R A R SRS, A ARE
Pl 2 B] AR R B AR g AL, LR EC 490 A4S
o Breskimah, HAa MR 4 A TR0 554
%$ S b YE v BEMLE UM AR AR . Sk AR
AMRIEAR Y SMERRAE X 4 A7 55 I8 Bk ke 1 ok
(I RPERIEE AR, kBRI R AR Shot
URAE | SKMH RIS P R RIS, B RRKAN
KM 1.5 500 SR s AR 216 S8, I
PEAR 218 B, “&KUF ANk 56 . iAKW
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0.01 mm)#frilE ., AR HILERE 9 Ml EIE
MR 4K (total length, TL). 1K1 (body length,
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2.1 FTRAMEZERSH ST

X B[R T R SR G AR | S S M3 AN
FERAMERR AT 00T, Wi 3 M EERKE
PRI b7 BRI, 2B B T Sk B R AR
(CL/BL). MK/ (AL/BLYFISE — 20 B K/R K
(LSL/BL)3 M ELfIPEAR, GEitab Rk 1. frortr
) 15 AR, R (W) S R B07E 3 NS RE
IR, N 20% A4, HoR e AR R R,
ik 22.05%. HEPESERRE 0 B K (LSL) AR

B R MR B2 5 REABAEE 20% 0L B, 2
AN ZERERY 2~3 175 o HEPE A ) - 2 R i
K, H(37.22+8.21) g, “# k¥R H K (32.15+
6.57) g, WMEPEARM TN, HF(28.48£5.69) go &
THRKAE 3 AEBPERRKR, B KIFWY
fHf R, H(165.38+17.70) mm, HEFEAAHIK,
(122.76£25.21) mm, HEPEAARE/DN, X0 (86.80+
8.57) mm, “FLUFEE B KL IAEKR 2
R RMEA 2.17 mm, “EIEHN 1.71 mm), 1078
PEAMARSE 0 R K2 58 TR K (LS R
0.68~1.04).

*1 TRIBINGFEREME. #L2XIRMRBEERS R

Tab. 1

The phenotypic parameters of morphometric traits in the three groups of the cultured Macrobrachium rosenbergii

PEAR trait HEPE female (n=216)

HEPE male (n=218) “& 3 IR old male (N=56)

X +SD R R E/%CV X +SD AR5 RE% CV X +SD 5 RZ K% CV
/g W 28.48+5.69 19.98 37.22+8.21 22.05 32.1546.57 20.44
4K /mm TL 135.96+7.18 5.28 142.60+9.36 6.56 127.27+8.21 6.45
{A&K:/mm BL 102.04+5.90 5.78 107.54+7.68 7.14 96.57+6.53 6.76
3k ffg 1 4 /mm CL 38.16+2.59 6.78 42.23+3.34 7.91 38.11+2.98 7.82
3k ik F 58 /mm CW 21.80+1.63 7.47 23.54+1.96 8.35 22.20+2.12 9.53
Sk M F &5 /mm CD 23.21£1.78 7.66 25.33£2.18 8.61 23.88+2.24 9.38
K /mm AL 67.81+4.03 5.95 69.44+5.12 7.38 60.20+4.01 6.66
I ¥E /mm AW 20.03+1.51 7.54 20.56+1.59 7.75 17.40+1.82 10.48
Ji§ & /mm AD 22.32+1.76 7.90 21.7241.53 7.06 18.54+1.77 9.55
% =4 K /mm LSL 86.80+8.57 9.87 122.76+25.21 20.54 165.38+17.70 10.70
&%/ DRT 12.43+1.00 8.08 12.66+1.03 8.12 12.40+1.02 8.24
T A%/ A VRT 11.46+1.02 8.86 11.60+1.02 8.80 11.52+1.04 9.07
3k g F K /R K CL/BL 0.37+0.01 3.29 0.39+0.01 3.46 0.39+0.02 5.58
K MK AL/BL 0.66+0.02 2.41 0.65+0.01 2.20 0.62+0.02 3.30
% 8 K /MAK LSL/BL 0.85+0.06 6.92 1.14+0.24 21.04 1.71£0.15 8.72

e ARE R g, KA SN mm, | FBURIECERNA A, 85 R BN % o £ PR TETHR T LAY 35 SC 2K 53 540 F - AD, abdominal
depth; AL, abdominal length; AW, abdominal width; BL, body length; CD, carapace depth; CL, carapace length; CW, carapace width; DRT,
number of dorsal rostrum teeth; LSL, length of second leg; TL, total length; VRT, number of ventral rostrum teeth; W, total weight.

Note: the unit of weight is g, mm for morphometric traits, number for the dorsal and ventral rostrum teeth, and % for coefficient of variation
(CV). The full name of each abbreviation of traits is as the following: AD, abdominal depth; AL, abdominal length; AW, abdominal width; BL,
body length; CD, carapace depth; CL, carapace length; CW, carapace width; DRT, number of dorsal rostrum teeth; LSL, length of second leg;
TL, total length; VRT, number of ventral rostrum teeth; W, total weight.

2.2 FRBMREMEREMMEXE

X} EC TR MR | S e S MR Ak 12 AN
PEAR A AH AT 38T . 3 AN RBERY 45 R #—
HEERY, BR BT AUE(DRT A VRT)2 A4S A] £k
AN, HAh 9 ASn]RIE SRS AR E AR 2
TEARDG, (HAHDCRE K/ NBFAE 3 AR A
JIr 22 5 (RAE AR ) o MEHEAS T, TEEMER SR
AR BRI Ry K (BL)>4 K (TL)>
Sk iy F K (CL)> 8 K (AL)Y> 3k iy 7 75 (CD)>3k fifg Y

YL (CW)>5 — 20 R (LSL)>J 56 (AW)> I 5 (AD);
e~ CD>CW>BL>CL>TL>AW>AL>AD>
LSL; “# 3L 4 A& : TL>AL>BL>CL>LSL>CD>
AW>CW=AD, iX 9 AR, BRbfErEAS A0
FARKEEK. B E &N EAHS,
HAY i W E EAHG, 2KE5hEK, BS54
K. ERSEK, KRESESkY . BiKs
= AR O R BAE 3 DR LT 3438 0.90 DL
o 3 AR b T AURIEL E R A
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TEAHDG, [HAHOC RN, A 0.35~0.50,
23 FRBGESHERGEEZHZME

2 B T B A A ST B0 AR S
XA R (PR AR 1) s ) 3 TR S etk (B AR ) 1
MR R BESE & 2 v, SR
i, A 4 DRI SHRIMAE R K, X 4
MR SR EHCRE(RN 0915, RERE
(RN 0.837; MEMEAAT, A 7 A REIE MR
XA H S AR, AH DG R BRI R R
0.976 F10.952; “&RIFMES 5 A CHIE A MR
PORENG NP A TE N P e G ST & B
0.960 F1 0.921,

%2 3 50 TS B S R AR RS E R
(B 1A R (D7 RREE) . AR
FB(RIE AR R . brifE 22 DL TR X R 1 I 3
RO EE R . A RBECHIE S MR AR E i AR R
BOLT-#R B 8 3 7K P (P<0.01), HAEOILA K
B EIK(P<0.05), MRIEHR 3, A& Z o0
S W3 (1

WEPE SR W= —60.715+0.172TL+0.381BL+
0.496CL+0.091LSL

HEPE AR W= —68.502+0.220BL+0.344CL+
0.576CW+0.377CD+0.208 AL+0.857AW+0.101LSL

“ % BF AR W= —59.143+0.220TL+
0.243BL+1.037CL-0.724CW+0.099LSL

*2 FRIBNSAFXBESHERSHRENEXRY

Tab. 2 Correlation coefficient between the key traits and weight of Macrobrachium rosenbergii

B H s L HHXFRER PoE R R R IE S5 R E R A
group number of variables multiple R determinant coefficient R? adjusted R
Mtk A female 4 0.915 0.837 0.834
HEPEA A male 7 0.976 0.952 0.950
<RI old male 5 0.960 0.921 0.913

®3 ZFLEADTRGHEEERY. REREFREEEEMHRELER

Tab.3 The partial regression coefficients, standardized coefficients and significance resulted from stepwised regression analysis

Hep PEAR FEbRfE R %L

RiE2E FRUE[E] )9 2 %L standardized

group trait unstandardized coefficient SD coefficient t P
# &+ constant —-60.715 3.109 —19.530 0.000
‘ 2K TL 0.172 0.064 0.218 2.714 0.007
Wfﬁ/'\lw &K BL 0.381 0.082 0.396 4.676 0.000
emae S K CL 0.496 0.133 0.225 3.736 0.000
B4 EK LSL 0.091 0.027 0.137 3.340 0.001
‘i i constant —-68.502 1.826 -37.507 0.000
&K BL 0.220 0.074 0.206 2.979 0.003
LHH K CL 0.344 0.090 0.140 3.832 0.000
A LM 58 cwW 0.576 0.192 0.138 3.01 0.003
male kM9 H & CD 0.377 0.178 0.100 2.125 0.035
K AL 0.208 0.087 0.130 2.391 0.018
1 5% AW 0.857 0.211 0.166 4.054 0.000
A REK LSL 0.101 0.007 0.310 13.78 0.000
# 48 constant ~59.143 4.164 ~14.204 0.000
2K TL 0.220 0.100 0.275 2.208 0.032
w3 R Ak A& BL 0.243 0.103 0.241 2.358 0.022
old male Mg K CL 1.037 0.224 0.470 4.628 0.000
kMg H 58 CW —0.724 0.237 -0.233 -3.056 0.004
¥ K LSL 0.099 0.020 0.267 4.863 0.000

e & MR AT AR N 9 SC 4 FR4T- B AR : AL, abdominal length; AW, abdominal width; BL, body length; CD, carapace depth; CL, cara-

pace length; CW, carapace width; LSL, length of second leg; TL, total length.

Note: the full name of each abbreviation of traits is as the following: AL, abdominal length; AW, abdominal width; BL, body length; CD,
carapace depth; CL, carapace length; CW, carapace width; LSL, length of second leg; TL, total length.
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2% 2 S B 5 PR A R A 4 P A )
AR B AR A e SR 36 40 Fi 6 4 v AL BRI
PEAMR B 45 — 5 K (LSL) Rl & Sk R AN AR 1 3k
Ji HE A (CL) ) EL B VE R T 2/ AN, LA AR
SEMEAERR T HEEM . M AT, 4 ~a72
HARK(TL), K BL). kF K CL)&HE %
B (LSL) PR A% s 14 5 (W) Y B34 FH R /NI
J&: BL>CL>TL>LSL; HEHEAMA, 7 4~ A A8 &k
Jig B @ (CD) . Sk g B 98 (CW) . 2F 48 K (LSL).,
AR (BL). EIE(AW). KMHFH(CL). K (AL)
X 44 (W) 1 BL 2 4F B R /NI F 2 LSL>BL>

AW>CL>CW>AL>CD., “#3k IR MAH, 5 4~ {748
wEK(TL), % = K (@LSL). kMK (CL).
Sk i B 58 (CW) . R (BL) XA B (W) ) B34
KN A CL>TL>LSL>BL>CW,,
24 TRAMBEBRYVER

FETFRR R R 2, X CVR R 3 AN2EE 10
Al R IT RER LA 1), SR ER, PG
TR R P AP A T e R A — i, B — a1
X, ARG H SRR R RRAE I, RO MEN
FUHEVEAS PR e RBURRAE T AL, <% SkiF 5
P R A A ) 22 R

*4 FRIBOESHERSHEZMBBEDIF

Tab. 4 The effects of morphometric traits on body weight of Macrobrachium rosenbergii

ARRE ey

[E]#E ] indirect effect

0 .
group trait °“§Wﬂ direct effect AF1 &K KK SKMFEK SkKMFSE kKW E O EK KRS SO REEK
coetlicien b TL CL cwW CcD AL AW LSL
4K TL 0.877 0.218 0.659 0.369  0.196 0.095
&K BL 0.895 0.396 0.500 0.203 0.196 0.100
MEME %
female *E?Tk 0.852 0.225 0.627 0.189 0.345 0.092
— 1 B
B RK 0.730 0.137 0.594 0.152 0290  0.152
LSL
K BL 0.894 0.206 0.688 0.125 0.123 0.088  0.124 0.151 0.077
H@T{‘ 0.880 0.140 0.740 0.184 0.119 0.085  0.109 0.140 0.102
3 o
*Efjm 0.918 0.138 0.780 0.184  0.121 0.091  0.108 0.145 0.130
363 3 2
male M@E"” 0.930 0.100 0.830 0.181  0.119 0.126 0.108 0.138 0.158
B AL 0.836 0.130 0.706 0.197 0.118 0.115 0.083 0.146 0.048
5 AW 0.845 0.166 0.679 0.187  0.118 0.121 0.083  0.114 0.056
%Effk 0.567 0.310 0.257 0.051 0.046 0.058 0.051  0.020 0.030
4K TL 0.919 0.275 0.644 0.221 0.370 —0.124 0.177
&K BL 0.870 0.241 0.628 0.252 0.346 -0.126 0.155
Sk M F K
S CL 0.829 0.470 0.359 0.216 0.177 —-0.192 0.156
old male | e
M’C@\;‘;m 0.562 -0.233 0.795 0.147 0.130  0.387 0.131
’ngfk 0.750 0.267 0.483 0.182 0.140  0.275 —0.115

TE: A PR T PR N Y3 S 42 FRG0)

41T : AL, abdominal length; AW, abdominal width; BL, body length; CD, carapace depth; CL, cara-
pace length; CW, carapace width; LSL, length of second leg; TL, total length.
Note: the full name of each abbreviation of traits is as the following: AL, abdominal length; AW, abdominal width; BL, body length; CD,
carapace depth; CL, carapace length; CW, carapace width; LSL, length of second leg; TL, total length.
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Fig. 1 Hierarchical dendrogram of three groups
of Macrobrachium rosenbergii

X} % EC YRR 3 ANZEHE 10 S B MR R T 32
SN, BRERHEERT 1 MRSy, LR 2
A ESY o 10 ASATEPERXT 2 A 355 K
Tf {8 B #5 FE R 1 5 22 TR ISR 5. S5 R,
TS 1 TTRCER N 72.167%, % Er FE R
W T R AL I ARAE . 2 IR K Bk
HRRAE SRR PR AT 3 AN 2eHE 22 0 Uik, b i &
FROE R i K, IR o I 98 R s 1) 17 oy {3
K09V, HEek AR, fimEo8 L,
F A 2 BITERE N 17.599%, /T R 1,

x5 FRIBMINEBAEMKRERS
HEFARERER D TR
Tab.5 Eigenvectors and cumulative contribution rates of
two principal components from ten morphometric traits
of three groups of Macrobrachium rosenbergii

E 4> principal components

PR trait
PC1 PC2
fAE W 0.499 0.836
2K TL 0.832 0.457
K BL 0.807 0.518
LMK CL 0.624 0.705
S H 58 CW 0.598 0.717
LMgH & CD 0.56 0.768
K AL 0.905 0.259
55 AW 0.913 0212
5 AD 0.918 —0.043
$FoHRK LSL -0.309 0.916
# F AT TR (%) 72.167 17.599

proportion of variance (%)

RRATTRRA(%) 72.167 89.765

cumulative proportion (%)

T AR R RO R B 9 SC 4 FRA3 3140 F - AD, abdominal depth;
AL, abdominal length; AW, abdominal width; BL, body length; CD,
carapace depth; CL, carapace length; CW, carapace width; LSL,
length of second leg; TL, total length; W, total weight.

Note: the full name of each abbreviation of traits is as the following:
AD, abdominal depth; AL, abdominal length; AW, abdominal width;

BL, body length; CD, carapace depth; CL, carapace length; CW,
carapace width; LSL, length of second leg; TL, total length; W,
total weight.

89.765%, #id T 85%, FHIRT LI AN W5
SRMEDLL FCTRIR 3 BRI R A2 T

I FCTREER 3 NSRRI T 2 A 3 o2 il
Ml i 2 FiR, BEAREHAEAG DI HEX,
A 3R AR Lo IR T AN RIRER, fEEAR
)RR Al o < S R R R 5 P P A A ()
A B W22 5, T 45 5Ofm T 0 A i o T,
CESKURRERNL T A B, MEME R R T
FRT . MEME R R AAE R L 22 RN, T
MRBAAEEZX, BRHENEE, RHXHA
R RTIMAR Lo B /N, <& AR R A 5 1
PEREIRAAAE DI R X, (H 5 KR4 M 1A
SRR, BPFEaE; KIF 5 MR AR
RIERER, TEAAAEESX, MBI,

11 group
A female
T4 X male
O old male
_3 - X 3 ) )
—4 -2 0 2

PC1
B2 BIRIEER 3 ADEBEEERE
ERLr T AE ST 2 B A
Fig. 2 Scatter plot of the first and second principal

components of morphometric traits for three
groups of Macrobrachium rosenbergii

3ANEME 10 AP A B/ — I (H T AL
LRI 6. SRRM, Sk SERISK I H e A 3
AR Z S AR, HARTEIRAE = (E]
WRAWREES . MEREN 2K, KK, K
Ko E5E . MRk, M MR TR A
SAFREIA . SRR A AN TP R
FOR T WEPE AP REOR, JUIHE 0 R KT
PERER, (HCIRR . 98 . MR AR A 5/ T
AN
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&6 TIKIBM3NEEH 10 MTEMERNR DM ZFIE
Tab. 6 Least square means of ten morphometric traits
in three groups of Macrobrachium rosenbergii

PEAR trait WEPE female  MEPE male &3k IFold male
RE W 29.90+0.24°  33.80+0.25" 40.00+0.51°
2K TL 140.40£0.30° 138.00£0.30°  127.90+0.55°
& BL 105.77+0.23"  103.70+0.23" 97.12+0.41°
S CL 39.70£0.11°  40.60+0.11° 38.30+0.20°
SKHTH 9% CW - 22.70+0.08  22.60+0.08 22.30£0.14
LM E CD  24.30+0.08  24.20+0.08 24.00+0.14
JE+K AL 70.10£0.18"  67.00+0.18" 60.50+0.33¢
E v AW 20.80+0.08"  19.80+0.08" 17.50+0.14°
75 AD 23.00+£0.09a  21.00+0.09" 18.60+0.17¢

B R K LSL 93.60+1.11° 115.70+1.11°

T RATEOE EARAS 1R 380 21 ) £7 L 18 38 22 57 (P<0.01) . #5-1
IR BRI B S SC A FR 4 B R ;. AD, abdominal depth; AL,
abdominal length; AW, abdominal width; BL, body length; CD,
carapace depth; CL, carapace length; CW, carapace width; LSL,
length of second leg; TL, total length; W, total weight.

Note: Values in each row with different superscripts are signifi-
cantly different (P<0.01). The full name of each abbreviation of
traits is as the following: AD, abdominal depth; AL, abdominal

166.40+2.02*

length; AW, abdominal width; BL, body length; CD, carapace depth;

CL, carapace length; CW, carapace width; LSL, length of second
leg; TL, total length; W, total weight.
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MEA . B M B IEA DG, A Sk
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FREAE 3 AP ILT35 0.90 DL L, ARFSRZS
S H A 2 A 45 RO — B, A LA T X )
% H A< VB #F (Macrobrachium  nipponense)' ) 45 il
B A DG AR B AR /D, (A SR AR ) 3
A AR R A DA

R 22 Z A TE SR 52 w30 5% i {4 B
W EZIRA MR, MRMIET A HEEE L,
K FRBURE S PSR 2 R RH DG O6 R Y % DDA
B, BANRE S WA AR S N AE AR LR R, T
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Correlation and difference of phenotypic traits among cultured groups
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Abstract: The giant freshwater prawn (GFP) Macrobrachium rosenbergii is one of the largest freshwater shrimps
in the world, widely distributed in the tropical and subtropical regions of Southeast Asia, the Indian Ocean, and the
Pacific Ocean. It has become an important cultured species in China since its introduction because of its wide diet,
high growth rate, and high economic value. However, the GFP shows slower growth and poor resistance primarily
resulting from an inbreeding depression and farming at high density. One male morphotype named as “old males”
or “old blue claw” is present commonly among blue claw males, exhibiting developed second legs and carapace
with a dark blue body color, and its economic value is very low. Therefore, improved varieties are urgently needed
through selective breeding. The body weight is one of the most important traits for selective breeding, which are
closely correlated with morphometric traits. To investigate the correlation and differences in phenotypic traits
among cultured groups of M. rosenbergii, a correlation analysis among 12 phenotypic traits, stepwise multiple
regression, and path coefficient analysis on body weight and morphometric traits were performed on 490 indi-
viduals of M. rosenbergii selected from Jiangsu Shufeng Prawn Breeding Co. Ltd. representing three cultured
groups: females, males, and old males. Compared with the phenotypic traits in the industry standard published in
2002, the growth performance of the present GFP variety has been greatly improved after years of breeding, and a
new industry standard for the new variety should be developed and published. The results of correlation analysis
and path analysis showed that 1) except for numbers of dorsal and ventral rostrum teeth, the coefficients between
the other nine traits and body weight showed extremely significant positive correlations (P<0.01); 2) the key
morphometric traits attributed to body weight were different in different groups, but body length, carapace length,
and length of second leg were the key traits in the three groups. We estimated the multiple regression equations for
each group according to the key traits. For each group, the direct effect of each key morphometric trait on body
weight was less than the total indirect effects through the other key traits. The hierarchical cluster analysis and
principal component analysis showed that females and males clustered together, and their morphometric traits
were similar; the highest variation existed between females and old males. Abdominal characters (including ab-
dominal length, abdominal width, and abdominal depth), total length, body length, and length of second leg con-
tributed the most to the differences among the three groups. Among the three groups, females show advantages in
the growth of the abdomen, whereas old males have more developed second legs. The present study can provide
data for reference not only for the selective breeding of M. rosenbergii but also for its basic biology and the de-
velopment of industry standard.

Key words: Macrobrachium rosenbergii; cultured group; morphometric trait; correlation analysis; path analysis;

selective breeding
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